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CHAPTER-I 
I N T R O D U C T I O N 
INTRODUCTION 
The h e a l t h and welfare of human k ind I s u l t i m a t e l y 
l i n k e d with the v i a b i l i t y and p r o d u c t i v i t y of n a t u r a l and 
a g r i c u l t u r a l ecosystem. Evidence accumulated over the p a s t 
s e v e r a l decades has c l e a r l y demonstrated t h a t both y i e l d and 
i n t e g r i t y of these l i f e supporthg ecosystems can be adve r se ly 
impacted by p o l l u t i o n . While s tudy ing the a i r q u a l i t y , our 
o b j e c t i v e s are to unders tand the e f f e c t s of subs tances in the 
atmosphere on p l a n t s , whether they a re b e n e f i c i a l o r adverse . 
There are s eve ra l views as to what c o n s t i t u t e s p o l l u t i o n of 
the atmosphere. To some p e o p l e , poOLution i m p l i e s the 
i n c r e a s e o r decrease of any atmosphere c o n s t i t u e n t from the 
va lue t h a t would have e x i s t e d wi thou t hmian a c t i v i t y . Given 
t h a t our p lanet ' s atmosphere has undergone profound changes in 
i t s c o n s t i t u t i o n th roughout i t s l i f e t i m e and t h a t v o l c a n i c 
e r u p t i o n s , f o r e s t f i r e s and sa id storms cause marked l o c a l 
and reg iona l v a r i a t i o n s in a tmospher ic c o n s t i t u e n t va lue . 
Weber (1982) a t tempted to def ine the a tmospher ic 
p o l l u t i o n as the p resence of subs t ances i n the ambient atmos-
phere r e s u l t i n g from the a c t i v i t y of man o r from n a t u r a l p r o -
c e s s e s , causing adverse e f f e c t s to man and the envi ronments . 
Recent ly a i r p o l l u t i o n has been def ined as ' t h e p re sence in 
the atmosphere of subs tances or energy i n such q u a n t i t i e s and 
of such dura t ion l i a b l e to cause harm to human, p l a n t o r animal 
l i f e , o r damage to human made m a t e r i a l s and s t r u c t u r e s o r changes 
in the weather and c l i m a t e • , 
Air po l lu t ion I n i t i a l l y meant addit ion to a i r of 
suspended p a r t i c u l a t e matters ( soo t , smoke) and SO- which 
were contributed to the a i r , mainly by the domestic heating 
eqiAipment^a wide raoige of Indus t r i a l p l a n t s , and power p l an t s . 
As the twentieth century has progressed, concern for pollution 
of the atmosphere has ranged across a la rge number of po l lu -
t a n t s . The tremendous increase in the use of petroleum 
products p a r t i c u l a r l y in petrol-powered motor veh ic l e s , and 
over populated c i t i e s , introduced several new po l l u t an t s 
(World Health Organization, 1972). Exhaust emission of oxides 
of n i t rogen, carbon monoxide, hydrocarbons, and lead adds 
mainly to the po l lu t ion of urban areas . From the emissions 
of oxides of ni t rogen and hydrocarbons photochemical oxidants 
are produced as the secondary p o l l u t a n t s . The establishment 
of indus t r i e s introduced the problem of toxic chemicals, v^i le 
nuclear power production and atomic weapons t e s t i ng h i g h l i -
ghted ioniz ing rad ia t ion as a po l lu t an t . The problem of the 
a i r po l lu t ion i s believed to be evenly spread a l l over the 
planfft(Hobbs e_t al_. 1975), which i s a cause for concern to the 
ul t imate future of l i v i n g organism on the ear th . More amounts 
and v a r i e t i e s of po l l u t an t s are commonly »n countered through-
out the urban area (Elson\^ 1978b.' Padmenabhamurty and Hi r t , 
1974i Landsberg, 1981). Astranin and Blagosklonov (1983) 
hoped tha t every year hundreds of po l l u t an t s in the fonn of 
p a r t i c u l a t e matters and energy are emitted into the ear th. 
The smoke concentration alone was estimated to be 35 mg/m-^  in 
the c i ty atmosphere of Stockholm was found 25 folds . This 
f igure grea ter in Mexico, 10 folds in Osaka, 7 folds in Bombay, 
5 folds in Prague and 4 folds in Tokyo in the year 1969, 1982. 
Since then, these f igures have grown many times with indus t r -
i e s a l l over the globe. According to Sharma (1981) the amounts 
of po l l u t an t s such as hydrocarbons, ni trogen oxide, carbonmono-
xide , sulphur dioxide and dust enter ing the a i r of Calcutta i s 
as much as 1299 metric tonnes/day. Oxides of ni t rogen and 
ammonia are l i f e sus ta in ing n u t r i e n t of p l a n t s , but n i t r i c 
oxide (NO) and ni t rogen dioxide (NOp) are highly toxic e i t h e r 
in the gaseous forms or a f t e r ac id ic p r e c i p i t a t i o n . The n i t r a t e , 
component r e su l t i ng from n i t r i c oxide emissions i s believed to 
account for more than 40% of the acid p r e c i p i t a t i o n in the USA 
and calciim (Ca) 35% in Western Europe (Chadwick, 1983)- Oxides 
of ni trogen cons is t ing p r inc ipa l l y of NO and N0_ are c o l l e c t i -
vely referred to as NO species because t h e i r r e l a t i v e r a t i o s 
change in the atmosphere constant ly. Among various sources of 
NO emission coal burning alone i s believed to account for 
about 80?^  of NO in the atmosphere (Morrison, 1980). Rao (1984) 
reported tha t some 1,400 tonnes of hydrocarbons, CO, NO and 
SOp emitted in the a i r of Delhi everyday from the power p l an t s , 
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automobile, i ndus t r i e s and domestic cooking sources . / iMatre 
(198^4) reported t h a t nearly 20% of the a i r of our atmosphere 
i s breathable , about 10% of the land i s exploi table for a g r i -
cu l tu ra l product of j u s t 1% of the ear ths water resources are 
f i t for drinking water. Agarwal e t a l . (1932) reported tha t 
over 70% of the ava i lab le water in India i s po l lu ted , 60% of 
Ca lcu t t a ' s res idents suffer from resp i ra to ry disease as a 
r e s u l t of a i r po l lu t ion . The incidence of blood cancer has 
also increased five times in Lucknow during the l a s t decade. 
Air po l lu t ion i s a byproduct of man's quest and 
a c t i v i t i e s for more comfort, the process involving chemicals, 
metal manufacturing, e l e c t r i c power generation and increasing 
t ranspor ta t ion load in heavily crowded populated c i t i e s caused 
the problem of a i r po l lu t ion to become inev i t ab le . During the 
pas t many decades, there has been a growing awareness of the 
ser ious hazards of atmospheric po l lu t ion endangering normal 
growth, development and survival of p l a n t , human and animals 
cons i s tan t ly exposed to hazardous p o l l u t a n t s . India , however, 
i s far behind in having over crowded i n d u s t r i a l i z a t i o n than 
those of USA, UK and USSR. However, the problem of a i r pol lu-
t ion in India , although loca l i zed in cer ta in pockets , i s 
equally ser ious . India has vast reserves of coal and therefore 
a considerable amount of e l e c t r i c power i s produced through 
coa l - f i r i ng thermal power p l a n t s . Consequently, thermal power 
p l an t s are a major source of atmosphereic po l lu t ion . I t has 
been reported tha t nearly 13 mil l ion tonne of flyash* 480,000 
tonnes of SO,/ 280,000 tonnes of N0^> 16,000 tonnes of CO and 
5,000 tonnes of hydrocarbons re leased in the atmosphere each 
year by the thermal power p lan t s t a t i ons in India (Sharma,1986). 
Besides major i ndus t r i a l point sources a la rge number Of toxic 
chemicals in considerable amounts are re leased in to the atmos-
phere from small scale i ndus t r i e s and r e s iden t i a l f a c i l i t i e s , 
automobile sources i ndus t r i a l i n c i n e r a t o r s , waste disposal and 
sewage treatment process. There are between 60,000 and 70,000 
synthe t ic chemical avai lable today, and between 200 to 1000 
new chemicals introduced each year (Shaikh and Nicholson, 1984). 
Although the acute e f fec ts of many of these chemicals have been 
recognised l i t t l e or no knowledge of t h e i r po ten t i a l chronic 
e f fec ts on people (e .g . cancer i n i t i a t e d by a chemical may take 
15 to AO years to develop). Adverse heal th ef fect of toxic 
chemicals has been prompted by a number of inc idents associated 
with chemical p l an t s which manufacture so lvents , p e s t i c i d e s , 
herbicides and p l a s t i c . Besides the normal discharge of the 
i n d u s t r i a l toxic substances through the chimneys drainage, the 
accidental re lease of toxic chemicals often imposes a serious 
an i r reparab le damage. One of the well known serious chemical 
accidents occured in 1984 v/hen an i n d u s t r i a l leakage 40 tonnes 
of MIC (methyl isocynate) caused the death of 25,000 people 
and affected 200,000 mainly r e sp i ra to ry problems and eye damage. 
Thousand of birds and c a t t l e were also k i l l e d or i l l affected. 
The vegetation was also badly affected. The accident a t Cherno-
byl in Soviet Union caused nuclear react ion and released 50-100 
mil l ion curies of r ad ioac t i v i t y on 25th April 1986. 
During the l a s t ten years most i ndus t r i a l i z ed countries 
have passed laws intended to control the manufacture and use of 
toxic chemicals. Innumerable a i r po l l u t an t s have toxic effects 
on vegetat ion. Although the r e l a t i v e importance of phytotoxants 
var ies with the loca t ion . In te rna t iona l est imates of the econo-
mic damage in fores t and natura l t r ee p lan t ing indicated tha t 
the primary offenders are SO^, f luor ides , ozone and pa r t i cu -
l a t e matters . 'ffhen su f f i c i en t number of p l an t s in a natural 
population are damaged, the en t i r e population and the asso-
cia ted vegetation may be destroyed. There are many instances 
where en t i r e p l an t communities have been devastated by prolonged 
exposure to po l lu t ion . In many ins tances the top s o i l s are so 
severely eroded t h a t the o r ig ina l type of vegetat ion can not 
be sL^Dported and only a few highly t o l e r an t intixjduced weeds 
predominate (Scheffer and Hedgecock, 1955). The fine p a r t i -
culate released would be a very ef fec t ive absorber of solar 
energy. Solar energy penet ra te t h i s p a r t i c u l a t e l aye r , r e s u l t -
ing in darkness which would only slowly give way to glomy 
twi l igh t condition (Crutzen and Birks , 1982). Such abri^it and 
sustained reduction in so la r energy reaching the ear th surface 
would probably r e s u l t in considerably reduced-even subfreezing 
temperature as over land masses (Aleksandrov and Stenchikov, 
^983i Turco e^ a l . 1983> Covey e t a l . 1984; Thompson et a l . 1984aid 
Elsoni,^ 1984c, 1985)- Even a few months of Intense cold and 
twi l igh t conditions would be suf f ic ien t to cause widespread 
damage and des t ruc t ion of crops and other p l a n t s . (Ehrl ich e t a l . 
198 3' Scope, 1985). Plant s c i e n t i s t s have some surpr is ing 
conclusions. I t i s found tha t p l an t s ra ised under atmospheric 
CO^  concentration l o s t t h e i r l e aves , aborted flowers and gene-
r a l l y developed abnormality (Brown and Escombe,1902). 
In ear ly German publ ica t ion Schnoeder and Reuss(l883) 
reported acute and chronic damage to numerous coniferous and 
decideous t r ee s . In North America, thousand of acres of 
fo res t t r ees were damaged by high concentration of po l lu t an t s . 
Detailed s tudies of smelter, flower damage were reported from 
Redding, California (Haywood, 1905» 1910) Anaconda, Montana 
(Hedgcock 1912), Duck town and copper H i l l , Tennesse(Hedgcock 
1914, Scheffer and Hedgcock 1955) i T r i a l , B r i t i sh Columbia 
(Katz e t a3 .^ 1939) and Wawa, Ontario (Garden and Garham 1963). 
More recent ly , repor t s have appeared regarding the severe 
damage to fo res t s near i n d u s t r i a l s i t e s in the Great Br i ta in 
(Scurfield,1960) West Germany (Wentzel, 1961), Czechoslovakia 
(Nozicka, 1963» Dimitrovsky, 1965) and Japan (Okanove, 1988). 
The effects of photochemical oxidant were f i r s t recognized 
in the Los Angeles, California in the 1 9 ^ ' s . Ozone current ly 
considered as more damaging a i r po l lu t an t to vegetat ion than 
any other po l lu t an t in the USA (Hil l ejt a l . 1970), NO2 i s impor-
t a n t in the photochemical production of 0, i t h i s i t s e l f i s 
not an important phytotoxicant . P lan ts a re , an order of magni-
tude, l e s s sens i t ive to NO^  than to 0 , - Ozone causes acute 
and chronic injury to p l an t s leading necro t ic pa t t e rn of leaves, 
growth a l t e r a t i o n s , reduced yie lds and reduction in the quali ty 
of the plant products . Typical e f fec t s of ozone include 
s t i pp l i ng or f lecking (brown spots or f leeks v^ich subsequently 
turn white on the under surface of the l e a v e ^ Air po l lu tan t s 
including Ozone, are considered to be l a rge ly responsible for 
the damage of European fo re s t s (Skarby and Sellden^1984; 
Hinrichsen, 1986). I t i s estimated tha t d i r ec t commercial 
l o s ses from Ozone damage in the United States ip to several 
mill ion dol la rs a year (Heek e t a l .1982; 1983). This estimate 
i s based on crop response data from the National Crop Loss 
Assessment Network which began in 1982 and covers a l l the major 
crops. Other crops espec ia l ly sens i t ive to Ozone include 
spinach, tomatoes, pinto beans and tobacco. Necrotic damage 
due to Ozone, on tobacco s t r a in (Belw, of Bel c) wer« f i r s t 
demonstrated as ind ica to r p l an t s . Whatever the form of the 
damage i t r esu l ted in induction in growth and y ie ld , common 
p l an t s suscept ible to SOp po l lu t ion include bar ley , cotton, 
l e t t u c e , lucerne , rhubarb, spinach and sweet pea. SOp pol lu-
t ion not always caused damage to vegetat ion because in 
su lphate-deff ic ient a reas , exposure to low l e v e l s of SO^ may 
be benef ic ia l to p l an t s by providing the missing sulphxir. 
Lichens are suscept ible to ambient a i r of SO^ l e v e l s . Experi-
ments involving SOp in solut ion showed t h a t d i f ferent species 
are affected to d i f fe ren t degrees by the same po l lu tan t level 
(Hawksworth and Rose, 1970). Acute injury to p l an t s from SOp 
i n i t i a l l y appeared as bleached patches on broad-leaved p lan t s 
or bleached necro t i c s t reeking on e i t h e r side of the mid vein 
of p a r a l l e l veined leaves . Long term or chronic injury appears 
as a bleaching of chlorophyll to produce a mild ch loros is in 
the leaf in many p l a n t s . In o ther p l an t s the bleaching of 
chlorophyll revealed the presence of red, brown and black 
pigments which are normally concealed. The e f fec ts of SOp were 
l a rge ly ignored in the United Sta tes during the ear ly pa r t of 
t h i s century. As a r e s u l t , land areas around smelters were 
denuded of vegetat ion. However, now increasing e f fo r t s are 
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being made to control the re lease of SO^ or dispose the SOp 
over a wider area. Today, the major SOp problem i s associated 
with e l e c t r i c power p lan t s and with smelters. I t has been 
shown tha t there are d i f ferent degrees of reduction in output 
during d i s t i n c t development stages of p l an t a t the same con-
cent ra t ion of SOp and tha t the leading flowering stage in 
cereal crops seems to be the most sens i t ive to SOp(Wang Chiahsi 
V/ang J l a x i 1980a>' 1980b). During the l a t e 19th century German 
workers described f luoride damage to vegetation near copper 
smelters (Schroe der and Reuss, 1883). Weinstien and McCune 
(1970) summarised the responses of dicotyledonous p l an t s to 
f luor ide . The i n i t i a l symptoms on broad leai^ed species usually 
included a ch loros is of the leaf t i p which l a t e r extended 
downward along the margin and inward towards the midrib. Brewer 
e t a l . (i960) observed tha t o lder leaves can develop a tolerance 
and tha t youngest leaves seem to accumulate f luor ides for a 
time before symptoms occur. On the leaves of c i t r u s , sweet 
cherry and poplar , f luor ides produced a ch loros i s . Vegetation 
may be adversely affected by excessive quan t i t i e s of a i r borne 
p a r t i c l e s tha t cover leaves and plug stomata, thereby reducing 
the absorption of COp from the atmosphere and the i n t ens i t y of 
sunl ight reaching the i n t e r i o r of the l ea f and suppressed 
growth of some p l a n t s . 
Generally 0 , , S0„ and NOp are considered as the major 
a i r p o l l u t a n t s , in regard to p lan t system. This i s because of 
t h e i r ubiquitous occurrence, t h e i r t o x i c i t y and the fac t tha t 
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they may co-occur o r sequent ia l ly occur with each other in 
four or three component mixtures. The presence of these pol lu-
t an t s in mixture may cause grea ter e f fec t s than when the pol lu-
t an t s are present s ingly. These three gases, along with CO^  
(because of the concern for e f fec t s of elevated CO, on p l a n t s ) , 
and ac id ic p r e c i p i t a t i o n (because of i t s widespread occurrence 
and perceived adverse ef fec ts on p l an t systems) are the pr incipal 
po l l u t an t s studied in the current research. The po l lu t ion control 
p o l i c i e s developed i n i t i a l l y by i n d u s t r i a l i z e d nat ions were 
devised to tackle a i r po l lu t ion problems caused by the emission 
sources within these countr ies . These p o l i c i e s gave no consi-
deration to po l lu t ion being exported or imported. In order to 
solve local po l lu t ion problems, na t ional p o l i c i e s often encoii-
raged or even required indus t r i e s to adopt t a l l e r i ndus t r i a l 
s tacks so as to disperse po l l u t an t s away from the immediate 
v i c i n i t y , without considering the p o s s i b i l i t y tha t these pol lu-
t an t might be t ranspor ted over long dis tances and cause adverse 
e f fec t s on other coun t r i es , and also a t a global sca le . I t was 
only during the 1970's , when an increas ing number of t ransfron-
t i e r and global po l lu t ion problems and t h r e a t s emerged, tha t 
nat ions began to d i r e c t ser ious a t t en t ion towards the need to 
contiDl po l lu t an t being released beyond t h e i r Ju r i sd i c t ion . 
Transfront ier po l lu t ion problems include acid ra in , 
photochemical oxidant (0^) episodes and accidental release of 
la rge quan t i t i e s of po l lu tan t such as ioniz ing radia t ion and 
toxic chemicals. Global problems ranged from the bui ld 153 in 
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l e v e l s of COpj toxic chemicals, ion iz ing radia t ion and anthro-
pogenic heat , to the depletion of s t ra tospher ic Ozone. Solution 
to such problems wil l emerge only when nat ions are wi l l ing to 
cooperate to undertake ef fec t ive po l lu t ion-con t ro l measures. 
The In te rna t iona l environmental law, which could be 
used to address t r a n s f r o n t i e r and global po l lu t ion problems 
i s only in an embryonic stage of development. The United 
Nation Conference held a t Stockholm in 1972 was attended by 
^^U nat ions and 37 intergovernmental organiza t ions , credi ted 
with working the beginning of an awareness among nat ional 
governments tha t many environmental problems could be solved 
only by an in te rna t iona l col labora t ion. The declara t ion 
contained two important p r inc ip l e s for environmental p ro tec -
t ion f i r s t l y , p r inc ip l e 21 provides tha t : 
" S ta tes have, in accordance with the char te r of 
the United Nations and the p r inc ip l e s of i n t e r -
na t ional law, the Sovereign r igh t to exp lo i t 
t h e i r own resources pursuant to t h e i r own en-
vironmental p o l i c i e s , and the r e spons ib i l i t y 
to ensure tha t a c t i v i t i e s within t h e i r j u r i s -
dict ion or control do not cause damage to the 
environment of o ther s t a t e or of areas beyond 
the l i m i t s of n a t i o n a l " 
J u r i s d i c t i o n 
Secondly, Pr inc ip le 22 provides tha t : -
" Sta tes shal l co-operate to develop further the 
in t e rna t iona l laws regarding l i a b i l i t y and compen-
sat ion for the victims of pol lu t ion and other 
environmental damage caused by a c t i v i t i e s within 
the Ju r i sd i c t i on or control of such s t a t e s to areas 
beyond t h e i r j u r i s d i c t i o n " . 
CHAPTER- I I 
REVIEW OF LITERAOTRE 
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CARBON OXIEES AND HALOCARBON 
The ox ides of carbon and the halocarbon are impor tant 
a i r p o l l u t a n t s because of t h e i r r e l a t i o n s h i p to g loba l c l i m a t e , 
r a d i a t i o n and human h e a l t h . Carbon monoxide (CO) and carbon 
dioxide (COp) a r e the bjrproducts of fuel combustion p r o c e s s , 
CO forms as a r e s u l t of incomplete o x i d a t i o n of carbon. Sharma 
(1986) e s t ima ted t h a t the 16,000 tonnes CO i s annua l ly d i s -
charged to the atmosphere by thermal power p l a n t s . The pr imary 
c o n t r i b u t o r s of combustion CO are the United S t a t e s , Europe and 
Japan. The a v a i l a b l e data suppor ted the conc lus ion t h a t dur ing 
the warmer season atmospheric l e v e l s of CO a re r e g u l a t e d by 
i n t e n s e n a t u r a l s ink func t ions (Nozhemivoka and Yurganov, 1978). 
A l a r g e number of p o t e n t i a l m a t e r i a l s inks proposed a re 
1. Absorption by ocean. 
2. Oxidation to CO^ by OH in the troposphere. 
3. Migration to the s t ra tosphere followed by 
photochemical. 
4. Reaction with animal haencprotein. 
5. Absorption by s o i l . 
6. Fixat ion by higher p l a n t s . 
Ihmen et al .(1971) general ized from t h e i r r e su l t s tha t 
cu l t iva ted s o i l s were l e s s ac t ive than na tura l s o i l s in CO 
uptake and t h a t higher organic matter and lower pH so i l s were 
the most ac t i ve . These observat ions suggested tha t so i l may 
be espec ia l ly ef fec t ive as CO sink,- reducing the ra te of 
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accumulation of CO (Haagen-Sult and Wayne; 1968). Also, the 
leaves of Cole us blumex, Daucus carota , Ficus var iega tus , 
Phaseolus vu lgar i s and ce r t a in o ther species are reported to 
be capable of f ix ing CO(Bidwell and Bebee, 1974) and hence may 
act as a global sink for p o l l u t a n t s such as CO(Hill, 1971). 
00^ i s a colourless t r ace gas which occtirs na tu ra l ly 
in the atmosphere a t very low concentration (.03%) wher« i t 
ac t s as an e s s e n t i a l p l an t n u t r i e n t and as an important determi-
nant of the ea r th atmosphere thermal balance, thus regulat ing 
our weather and climate. COp i s a strong absorber of outgoing 
t e r r e s t r i a l rad ia t ion in the wave length of 7-14 mm. This in 
turn leads to energy, \«riiich would otherwise escape to outer 
space, being trapped within the atmosphere. 
The increase in the atmospheric CO2 general ly r e s u l t s 
from human a c t i v i t i e s . The carbon slowly fixed by p lan t s over 
geological time i s rapidly t r ans fe r red back to the atmosphere 
by fuel combustion process. To understand why CO2 concentra-
t ion has been increasing one has to examine the global carbon 
reservoi r s and annual f luxes. The fluxes between the reserv-
o i r s are r e l a t i v e l y l a r g e , and compared with the o ther reserv-
o i t s or pools of carbon. The p r inc ipa l ways in which human 
a c t i v i t y d i r e c t l y affect the carbon content of the atmosphere 
i s t h r o u ^ f o s s i l fuel burning, changes in land use p r ac t i c e s , 
fo res t des t ruc t ion , fo res t f i r e s and conversion of or ig ina l 
natural fo res t to younger managed f o r e s t s . Human a c t i v i t i e s , 
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re leas ing CO^ to the atmosphere through burning of wood, coal , 
o i l , na tura l gas and other carbon based ma te r i a l s , s i g n i f i -
cantly contr ibuted COp to the atmosphere. I t has been 
estimated t h a t the l a t t e r may be of the same order of magnitude 
as the input of fo s s i l fuel CO^ (Bolin e t a l . 1977). 
Researches p red ic t t h a t the atmospheric CO2 concentra-
t ion will increase from p r e - i n d u s t r i a l value of 260-300 ppm 
to 600 ppm during the next century. This doubling of 00^ 
concentration i s estimated to cause an increase in the mean 
global surface a i r temp of 3^:1.5*0 (World Meteorological 
Organization, 1981). 
To est imate futui^ increase of the atmospheric COp, i t 
i s necessary to know what f rac t ion of futiire human net CX)^  
emission from f o s s i l fuel burning and land use changes wil l 
remain in the atmosphere. Clark e t al .(1982) estimate tha t a 
COp concentration of 600 ppm would be reached by the year 2080. 
This agrees with the data of the U.S. Environmental Protect ion 
Agency (1983a) which suggested t h a t 600 ppm of COp would be 
reached between the years 2060 and 2080. The majority of the 
models p red ic t a global warming of 3l105*C. On the other hand 
(Idso, 1980» 1984), predic ted neg l ig ib le temperature changes 
but t he i r model were c r i t i s i z e d for omitt ing key pos i t ive feed 
backs (U.S. N.R.C. 1982,b). Because of pos i t i ve feedbacks 
such as the melting of snow and ice which decrease the surface 
albedo and the increased evaporation leading to an enhanced 
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water vapour greenhouse effect* the temperature increases a t 
high l a t i t u d e s for a doubling of the OOp concentration should 
be two or three times of grea ter than the warming e3q)erienced 
in the t rop ics where enhanced convection, carrying and ensible 
heat away from the ground ac t s as negative feed back resp i ra t ion 
during the spring and summer, and the reverse during the autumn 
and winter. Bach (1978»' 1979) co l lec ted data in weather and 
com yie ld in the com b e l t s t a t e s in USA from 1901 to 1972 
and estimated t h a t com production in those s t a t e s would change 
by about ^^% of every 1°C change in average maximum temperature 
over the growing season, and by about 15% for each 10% changes 
in p r e c i p i t a t i o n . He concluded tha t warmer and d r i e s weather 
would decrease com production in the com b e l t , whereas cooler 
and wetter weather would increase i t . 
More p r a c t i c a l importance than est imates of global 
annual average temperature increase i s tha t of r e s u l t i n g regbnal 
and seasonal changes. Similar ly although a warmer ear th 
implies increased evaporation and p r e c i p i t a t i o n , i t i s isnportant 
to know how these two components of the hydrological cycle wil l 
balance in p a r t i c u l a r regions and seasons. Model predic t ion of 
regional changes in temperature and moisture in a future world 
with 600 ppm of atmospheric CO- have to be t r e a t e d with much 
cauiion, compared five wannest years with the five coldest , 
over the period 1925-74. The average temperature difference 
between the warm and cold year groups was 1.6®C for high l a t i -
tudes and 0.6*C for the Northern Hemisphere as a whole- tha t i s 
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considerably l e s s than the temperature difference predicted 
for a doubling of atmospheric COp content. In t h e i r ana lys i s , 
maximum warming occurred in winter in high l a t i t u d e s and i s 
continental i n t e r i o r s . P rec ip i t a t i on changes showed only a 
s l i g h t (1-2%) over a l l increase in warm year compared with 
cool ones. P r e c i p i t a t i o n decreases occured over much of the 
lAiited S ta t e s , most of Europe and Russia and over Japan, while 
increases in p r e c i p i t a t i o n over India and Middle East were 
ind ica t ive of a more intense monsoon c i r cu la t ion in warm years. 
A net re lease of COp to the atmosphere occurs whenever changes 
in land use r e s u l t in ecosystem of high CO^  density (e.gJjorest) 
being replaced by those of a lower CO^ densi ty ( e . g. AgricuLtuial 
or grazing l a n d ) . Forest harves t ing can also be a contr ibut ing 
factor i f i t s r a t e exceeds t h a t of fo res t regrowth deforestat ion 
as in the Amazonian basin. Rosenbargh (1982) suggested that 
changes in climate would have an adverse impact on crop y ie lds . 
He fur ther opined tha t evapotranspira t ion in much of the grain 
b e l t may be unchanged or even benef ic ia l ly reduced, despite 
changes in o ther c l imat ic parameters with warming, resp i ra t ion 
and decomposition may increase f a s t e r than photosynthesis . 
Ti~anspiration and evaporation increase may enhance s t r e s s on 
dry s i t e s , since areas receiving l e s s p r e c i p i t a t i o n would also 
experience increased evaporation and t r ansp i r a t ion . Waggouer 
(1984) has estimated tha t the projected change in weather by 
the year 2000 caused by increased atmospheric C0_, would cause 
a moderate decrease of 2-12% in yield of wheat, com and 
soybeans in American grain b e l t due to increased dryness. 
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While Kellog (1977) suggested tha t r i s e of 1"C in mean 
summer temperature extends the growing season by approximately 
10 days, other changes associated with global warming however, 
may r e s t r i c t fo res t growth. Physiological processes of p l a n t s , 
espec ia l ly photosynthesis , t r a n s p i r a t i o n , r e sp i r a t ion and 
reproduction are sens i t ive to temperature whether the changes 
in climate wil l adversely a f fec t crop yie lds in major grain 
prxjducing areas of the world may be debated, but there i s an 
increasing consensus that increase in atmospheric CXDp would 
d i r ec t ly enhance crop y ie lds . Alkerson £ t al_. (1984) noted ihat 
increase in seed y ie ld , r esu l ted from grea te r number of pods/ 
p lan t ra ther than increased seed size in case of soybean a t 
high OOp concentration. Baker et_ a l . (1989) on soybean showed 
an increase in seed y ie ld , seed number, \^*lile seed weight was 
decreased. Likewise, COp increased number of pods, seeds and 
seed yie ld in soybean (Sconit e t al_, 1987). Also, an elevated 
CO2 concentration showed an increase in t o t a l weight and pod 
weight but pod/leaf r a t i o remained uneffected. (Pect , 1984). 
Hanelka e t al,. (1984) t r ea t ed wheat (Triticum aestivunp with 
high concentrat ions of CXDp and found tha t increase in seed yield 
was re la ted to increase in heads per meter but harvest index 
remained xjnchanged. Kimbal (1982) received 437 published e^e-
riments tha t desilt with y ie lds of ag r i cu l tu ra l crops esqjosed 
to varying CO^  concentrat ions and concluded t h a t a doubling of 
atmospheric CO^ could increase global p roduc t iv i ty by 33?^  
without addit ional inputs of water or f e r t i l i z e r s . Ejqaeriments 
have es tab l i shed beyond doubt that many p lan t s for which COp i s 
a l imi t ing n u t r i e n t responded to short term C0_ enrichment 
with f a s t e r growth and grea te r y ie lds (Plosenbergh, 1981). 
According to Kendale e_t a l . (1985)> high CO^ concentra-
t ions showed no s ign i f i can t increase in grain y ie ld in winter 
cu l t i va r of wheat while i t increased in spring cu l t iva r . 
Other researchers express more cautions optimism as they pointed 
out tha t the COp f e r t i l i z a t i o n e f fec ts might be offse t in some 
regions by changes in cl imate. Revelle and Shapero (1978) 
pointed out tha t i f average cloudiness increases , the quanti ty 
of incoming so la r rad ia t ion would be lowered, and the energy 
avai lable to crop p lan t s for photosjoithesls would be diminished. 
Increased ra te of photosynthesis in soyabean under increased COp 
concentration has been observed by (Huber e t al_, 1984# Sioni t , 
1981; Hygo e t a l . 1984; Kendall, 1985). Potvin e t a l . ( 1984) 
obtained s imi lar r e s u l t s with Elusine indlca and Echinochlo 
c rusga l l i . In winter wheat (T. aestivum L, cv. Arthur) , increase 
was apparent in photosynthesis of the f lag l ea f but nitrogen 
content of p l an t p a r t was unchanged (Havelka et a l .1984) . A 
decrease in l ea f conductance and the ra te of senescence in case 
of soybean noted by Leadley et a l . (1988). 
On the other hand, a decrease in photosynthesis capacity, 
stomatal conductance, ni t rogen and phosphorus concentration has 
been noted in several species including Ochroma logopus and 
Pentectettrameanloba (Oberbanler, 1985^ William e t al .1986). 
Ehertand JoHiffa (1985) noted a decrease in COp exchange edacity 
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but increase in resp i ra t ion r a t e and high s ta rch content in 
bean p lan t fPhaseolus vulgar i s (cv Pune Gold wax)]. An increase 
in the amount of C0p(i5)to 1%) causes a rapid increase in photo-
synthesis (Kochhar, 1982) and a f t e r t h i s i t slowed down or 
constant . 
Govindjee (1982) noted tha t photosynthesis i s affected 
by the increased concentration of atmospheric CO^Ca) by reducing 
the f rac t ion of soluble pro te in a l loca ted to RUBP Carboxylase/ 
oxygenase and (b) by reducing enzyme concentration per uni t 
l eaf area chlorophyll and fresh weight. Mansfield (1982) 
suggested tha t the addi t ional COp may also ac t a t metabolic 
l eve l s for i t increases the r a t e of photosynthesis and way, 
therefore , provide c e l l s with increased capacity for repa i r 
process for de toxi f ica t ion mechanism. 
In germinating mustard seeds Kidd (1985) reported the 
repression in r e sp i r a t ion on increas ing CX)p concentration. 
Although numerous s tudies of l ea f r e sp i r a t i on have indicated a 
depressing effect of COp (Devlin ,1973). Houbis e t a l . (1988) 
while studying the impact of CO^ on two v a r i e t i e s of Plnus 
found reduction in chlorophyll ' a ' and chlorophyll ' b ' and 
carotenoid concentration. Pigment concentration in needles of 
s ie r ran var ie ty was lower than roul ly mountain var ie ty . The 
two broad categor ies of p l an t s designated as C, and C. di f fer 
in the biochemical pathways through which they f ix CO^ in photo-
synthesis and so d i f fe r in the degree to which they benefi t 
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from increased CO-. At the normal atmospheric leve l of COp, 
C^  p lan t s have subs t an t i a l l y higher r a t e s of photosynthesis 
than C, p l an t s a t a l l temperature above 15*C, As COpConc. 
increases , C, p l an t s benefi t more un t i l a t 1000 ppm, C, species 
include temperate species such as small g ra ins , legianes, most 
grasses and fo re s t species. While C. species are generally 
those adopted to warm climates and include top ica l grasses, 
com- sorghura^maize and sugarcane. 
High cone, of CO2 showed an increase in the ra te 
of s tarch accumulation (Huber e t a l . 1984) . Effects of 00_ 
on soyabean included an increase of 205% s ta rch , IO896 sucrose, 
33% reducing sugars, 22% chlorophyll and 31% soluble pro te in 
while the a c t i v i t y of r ibulose biphosphate carboxylase remains 
unchanged (Joseph e t a l . 1989). High concentration of CX)p b r o ^ ^ 
about increase in t o t a l biomqss, l eaf area, spec i f ic l ea f weight 
and non-photosynthetic t i s s u e , but decrease in l ea f area r a t io 
in 0chroma lagopus swartz and P e n t a d e t t r a machtoba (Oberbauler 
e t a l . 1988). Havelka (1984) noted an increase in t o t a l dry 
matter of wheat a t maturity. In a study of seven crops of 
car ro ts and 11 crops of raddish , Kimball and Idso (1989) observed 
increase in cummulative dry matter production with increased COp 
concentration. Similar e f fec t s were noticed in Glycine max 
(Clough and Peet , 1981; Allen e t a l . 1988). In Alaska pea p l a n t 
(Pisunr) sativun L,) the elongation ra te of l a t e r a l branches 
flower bud, flower and f r u i t development, root dry weight i nc re -
ased while l ea f dry weight decreased (Paez ejt a l . 1980). 
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Nessar (1983) suggested t h a t speci f ic l ea f weight of 
Glvclne max L. Merr. cv Ranzon increased by 37%. Plant growth 
was increased by approx. 305^  in aquatic p l an t s (Idso e t a l . 1987). 
Sweet potato (Ipomea batalag) showed an increase in the length 
of main stem, t o t a l branch l eng th , no.of branches, leaf area, 
t o t a l dry wt.and speci f ic l ea f wt. (Bhattacharya e t al .1935). 
Richers and s t r a in (1988) reported an increase in growth 
and t o t a l biomass and leaf area in case of blue geama(Boutelona 
g r a c i l i s ) . Amer (1988) found only small e f fec t on leaf por t ion 
and weight, and no effect on l ea f area, Linear leaf dimensions 
and width in case of Glycine max. Phased us vu lgar i s L«(cv Pune 
Gold wax)showed an increase in l ea f dry weight and leaf weight 
r a t io but a decrease in l ea f area ( J o l l i f f e and Gheet, 1985). 
William ejt a l . (1988) concluded t h a t there were changes in the 
biomass of some species of microsence while t o t a l community 
biomass had no s ign i f i can t change. Sioni t £ t al .(1987) noted 
tha t an increase in p lan t height and number of branches, while 
root and shoot r a t i o remained unchanged in soybean. Some similar 
r e s u l t s were also obtained with BetiiLa nava. Ledum pa lus t re and 
Carex b ige loul le where the t o t a l p l an t biomass and lea f photo-
synthesis were not s ign i f i can t ly affected (Oberbauer, 1986). 
Oleary et al_. (1981) enunciated tha t high concentration 
of CO^  on Phaseolus vulgar is showed no s ign i f i can t differences 
in stomatal density on the adaxial surface but reduced the 
stomatal density on the abaxial surface of l eaves . 
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v i s ib l e In.jury 
Information on the p l an t injury caused by CO^  enrichment 
i s scanty and probably in su f f i c i en t to e s t ab l i sh any claim. 
Numerous works sv^jportedthe view t h a t the CO2 enrichment brings 
about va r i a t ion in a number of physiological process l i ke photo-
synthesis and re sp i ra t ion r e s u l t i n g In va r i a t ions In dry weight, 
blomass and yield e tc . Ehret e t a l . (1985) and Ehret (1988) 
reported chloros is In primary leaves of Phaseolus vulgar is a t 
high COp cone. Sioni t e t a l . (1987) reported symptoms of s t r e s s 
including mot t l ing , mid needle abscission and ear ly senescence 
in case of Pin us (var panderosa and s i e r r a n ) . 
Stomatal behaviour 
The r e l a t i on of p lan t s e n s i t i v i t y to a i r po l lu tan t s 
could be well demonstrated In terms of stomatal responses 
(iMaJemlk and Mansfield, 1972). Stomatal aperture reduced In 
response to enhanced CO- concentration (Meider and Mansfield, 
1968; Majemik and Mansfield, 1972»' Sr lvastava, e t a l . 1975b>' 
Black, 1982) and i t played an important role in r e s t r i c t i n g the 
fluxes of gaseous po l lu tan t into a p lan t which helped to adtigatB 
the ef fect of po l lu t ion (Law and Mansfield, 1982), 
Halocarbon 
Natural ly occurlng s t r a t o spheric ozone I s Important 
because i t screens the ear th from b io log ica l ly damaging u l t r a -
v io l e t r ad ia t ion . Halocarbans released by human deplete the 
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natura l ozone l aye r surrounding the ear th . Halocarbons, 
especia l ly chlorofluoro methane, released by various himan 
a c t i v i t i e s , are t ranspor ted through the troposphere. Free 
chlorine r e su l t i ng from decomposition, caused a rapid ca t a ly t i c 
destruct ion of ozone. In 1979, the National Academy of Science, 
USA estimated t h a t re lease of halocarbons in the atmosphere a t 
r a t e s infer red for 1977, would eventually deplete s t ra tospher ic 
ozone 5 to 28% most probably ^7% (NAS, 1979). In 1982, the 
Academy revised i t s previous es t imates and suggested a deple-
t ion from 5 to 9% (NAS, 1982c). 
Available research does not allow adequate inventory 
of the impact of increased u l t r a v i o l e t rad ia t ion on agricul tural 
and natural ecosystem. Studies with more than 100 ag r i cu l tu ra l 
species have shown tha t increased u l t r a v i o l e t ejcposux^ can lead 
to reduction in p l an t dry weight and changes in the proportion 
of p lan t mater ial in root , shoot and leaf t i s s u e , y ie lds were 
lowered in sugar bee t s , tomatoes, mustard (Maugh, 1980). 
Ul t rav io le t rad ia t ion in the damaging wavelength a l t e r s QNA in 
a l l types of c e l l s , whether p l a n t c e l l s or animal c e l l s . 
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NITROGEN OXIDE 
Oxides of n i t r o g e n are the second most abundant atmos-
p h e r i c contaminants . They are produced both n a t u r a l l y ( e . g . 
f o r e s t f i r e s , l i g h t e n i n g , s o i l m i c r o b i o l o g i c a l a c t i o n ) and by 
humans (moto r s , o i l well f i r e s , burn ing of f o s s i l f u e l s , 
n u c l e a r d e t o n a t i o n s ) . Ni t rogen ox ides (NO^) are sub jec ted to 
v a r i o u s photochemical r e a c t i o n s depending i^on the a t t i t u d e s . 
These ox ides pix>mote the format ion of Ozone i n the t r o p h o s -
phere bu t in the s t r a t o s p h e r e they ca t a lyze 0^ d e s t r u c t i o n 
due to the d i f f e r e n t chemical composi t ion and l i g h t spectrum 
p r e v a i l i n g t h e r e . The only a tmospher ic compound t h a t absorbs 
v i s i b l e l i g h t to a s i g n i f i c a n t e x t e n t i s NOp. I t g e n e r a t e s 
h igh ly r e a c t i v e oxygen f ree r a d i c a l s . These r a d i c a l s s t a r t 
a chain r e a c t i o n g iv ing r i s e to secondary p o l l u t a n t s such as 
peroxy a c y l n i t r a t e (PAN, the t o x i c component of smog). I t i s 
the presence of these f ree r a d i c a l s and a tmospher ic a c i d i t y 
t h a t governs the e x t e n t of format ion and b u i l d up of secondary 
p o l l u t a n t s and the o x i d a t i o n of NO^ (Fuh re r , 1985 ) . 
Oxides of n i t r o g e n (NO ) such as n i t r i c oxide (NO), a 
c o l o u r l e s s gas and n i t r o g e n d ioxide (NO-), a browi gas with 
pungent smel l , r e a c t with oxygen as shown below 
N0_ — ^ ^ ^ NO + 0 , 0^ — S — 0 , 
h r = l i g h t energy , m = any i n e r t molecules 
The n e t r e a c t i o n i s -
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NO- + 0 . ———— NO + 0 , 2 2 0 
Here the back react ion t h e o r e t i c a l l y proceeds f a s t e r than the 
i n i t i a l react ion so tha t the Ozone gets removed from the 
atmosphere. However, hydrocarbons present in urban atmosphere 
reac t with and remove NO, stopping the back react ion so tha t 
Ozone accumulates. In the dark, the net react ion i s reversed, 
and NO^ accumulates a t the expense of Ozone. In the atmosphere 
NO reac t photochemically with unbumt hydrocarbons and SO to 
form other undesirable secondary compounds such as PAN (Stephens 
e t a l . 1956, Cox and Penlkett ,1971) as shown below NO or NO2 + 
Uv SOp or SO, + hydrocarbons ^ PAN + 0 , . 
Visible injury symptoms depend on the concentration of the 
po l lu t an t , p l an t species and i t s stage of development, and 
environmental fac tors comprising temperature, l i g h t , h\imidity 
and soi l moisture. Most ea r ly s tudies on NO injury to p l an t s 
have been summarized by Taylors ejb al.(l975). Apparent leaf 
injury generally took few forms: a discolourat ion of the leaf 
associated with collapsed necor t i c l e s ions and waxy water-
soaked appearance. In almost a l l species s tudied, young leaves 
were most r e s i s t a n t and the o lder leaves most suscept ib le . 
Chronic injury r e s u l t s from long-term exposure to low concen-
t r a t i o n s of NO2 (Tingey ejt a l . 1971), but a few p l an t s show an 
enhanced green colour which l a t e r leads to ch loros is and absc i -
ssion of the leaves (Taylor ejt al.1975,' Ashender and Williams i 
1980; KLkiey and 0rmrod.,1980; Reinert and Saunders ,1982). 
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Dleffenbachla macula ta , however, showed v i s i b l e l e a f i n j u r y 
in the fonn of n e c r o t i c l e s i o n s and scorch ing (Saxe and 
Chr is tensen »1985). Two k inds of n e c r o t i c damage were d i s t i n -
guished by Zeevar t (1976) . One c o - r e l a t e d wi th n i t r i t e accu-
mulat ion in the l e a v e s and i s b e l i e v e d to be the r e s u l t of 
a c i d i c a t i o n . 
NO 2 + 3 NAEPH + 5H'^  NH^ "^  + 3 NAIF + 2H2O 
The o t h e r type caused by low NO- in l i ^ t was found in 
N ico t i ana g l u t i n e s a wi thout s imul taneous n i t r i t e accumulat ion 
o r a c i d i c a t i o n and could n o t be c o r r e l a t e d to ammonia. This 
type of i n j u r y i s reduced by p r e t r e a t m e n t with -SH compound. 
Crops are a f f e c t e d by NO- i n j u r e d l e a v e s and stem, the symptoms 
of infjuries a re g e n e r a l l y acu te (Tehikawa e t aJL, 1982). P l a n t s 
exposed to h igh c o n c e n t r a t i o n of NOp g e n e r a l l y showed maredamage 
in the dark than in l i g h t (Zeevar t j , 1976). 
In a s tudy of sp inach and kidney bean, the former was 
more r e s i s t a n t than the l a t t e r . This was no t only due to greater 
t o l e r a n c e of spinach to NOp accumulated in l e a v e s , bu t a l so to 
i t s stronger a b i l i t y to metabol ized NOp. I n j u r y in spinach i s 
due to accumulat ion of NH, when exposed to h igh concen t r a t i on 
of NO^ ( L i l i and Shiraazakl ,1988). The ambient NOp l e v e l s common-
l y found in r u r a l a i r a re b e l i e v e d n o t to cause v i s i b l e p l a n t 
i n j u r y . In i n d u s t r i a l a r e a s the a tmospher ic NOp c o n c e n t r a t i o n s 
are h igher and chron ic exposure to such c o n c e n t r a t i o n s may cause 
damage. NOp s i p p r e s s e d growth and p h o t o s y n t h e s i s perhaps due to 
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grea ter l ea f injury. Continuous exposure of tomato p lan t s to 
NOp increases fresh and dry weights of the p l an t s (Trolano and 
Leone ,1977 and Ormrod ,1984). Decrease in product iv i ty follow-
ing e^qDosure to NO^  alone has been reported in two cu l t iva r s 
of potato (Sinn and Pell 1984), in wheat (Singh ,1980), Dactylis 
glomerata and Poa p ra tens i s (Ashenden and Mansfield »1978). 
Marigold and raddish p lan t s appear to be r e l a t i v e l y r e s i s t a n t 
to NOp(Reinert e t a l . 1982). Raddish biomass production was 
unaffected by NOp fumigation over three week period under a 
range of concentration (Reinert and Saunders »1982). Poa 
p ra t ens i s was very s ens i t i ve , showing s ign i f i can t dry weight 
reduction in response to NOp alone (Elkiey and Ortnrod, 1980). 
Phleum pratense and Lolium inultiflorum were unaffected by low 
concentration of NOp for 20 weeks (Ashenden and Mansfield ,1978 » 
Ashenden and Williams ,1980), I t was reported t h a t NOp was more 
toxic to Poa p ra t ens i s when growth was slow (Ashenden ,1979b). 
Reduction in dry weight was more prominent during winter. The 
reduced growth during winter was a t t r i b u t e d p a r t l y to the greater 
s e n s i t i v i t y of the pol lu ted p l an t s to cold, s t r e s s , while 
recovery during the following summer was a t t r i b u t e d to fo l i a r 
uptake of NOp and the consequent higher r e l a t i v e growth ra te 
(Mansfield e_t a l . 1935). Fumigation of wheat p l an t with NO-
i n i t i a l l y st imulated the growth but l a t e r there was a growth 
stppression (Prasad and Rao, 1980), Response of t rue species 
to chronic NOp doses i s also qui te va r i ab l e , root and t o t a l dry 
v/eight of sweet gum (Liquidambar s tyrac i f lua) seedling was 
s ign i f ican t ly reduced, while seven other species were unaffected 
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(Kress and Skelly, 1982). On the o ther hand, NO- alone i n i t i -
a l l y stimulated shoot growth of T i l i a cordata, Betula pendula 
and Alnus incana, though these e f fec t s were l o s t for T. co rdata 
and B.pendula in the second season of exposure, suggesting 
tha t po l lu t ion responses can a l t e r a f te r overwintering on 
account of the renewed growth of deciduous t r e e s (Freer Smith 
1984), There are several r epor t s of NOp fumigation promoting 
lea f number and area as in Dac±ylis glome ra ta (Ashenden ,1979b) , 
dry weight of roots as in Lolium multiflorum and leaf area as 
in Poa p ra t ens i s (Aslenden and Williams ,1980), l ea f area and 
dry weight, as in cucumber, kidney bean and sunflower (Yoneyaraa 
e t a l .1980) , and t o t a l shoot dry weight as in Poa (Whitmore and 
Freer Smith,1982; Lane and Bell ,1984) T i l i a co rdata and Belei la 
pendula (Whitmore and Freer Smith ,1982). These promotive 
ef fec ts are usually a t t r i b u t e d to gaseous NO and NOp functioning 
as ae r i a l f e r t i l i z e r s under condi t ions of n u t r i e n t deficiency 
(Anderson and Mansfield ,1979) Singh ,1980; Whitemore and Freer 
Smith ,1982). Whitemore (1985) observed NO^ stimulated growth 
a f te r shoot exposure when the p l an t s were s t i l l young and hence 
unlikely to have suffered n u t r i e n t deficiency. Other factors 
associated e i t h e r with the p l a n t s or the environment were probaHy 
responsible. Oxides of n i t rogen alone, are unl ikely to iriiibit 
growth except when present in very high concentration or on 
chronic exposure. On the contrary they may prove beneficial 
when the growth medium i s de f i c i en t in ni t rogen (Bennett e_t a l . 
1974). I t has been es tabl ished tha t NO are absorbed and 
assimilated in p l an t s (Dumiishidze and Nutsubidge^1976; Rogers 
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J e f f r i e s and Wither Spoon ,1979' Yoneyama e t a l . 1980) through 
n i t r a t e N i t r i t e ammonia amino acid 
(Zeevart,1974,- 1976, Kaji e t a l . 1980', Wellbum e t al.1981» 
I to okano and Totsuka ,1984) and t ransported to other pa r t s of 
the p lan t (Rogers e t a l . 1979^ Okano e t a l . 1984). At sub thresh-
old concentrat ion, NOp alone promotes cycl ic e lec t ron flow 
and makes ava i lab le through addi t ional photophosphorylation 
extra ATP (Wellbum e t al_. 1981) and also increases the a c t i v i -
t i e s of enzymes involved in N ass imi la t ion (Wellbum e t a l .1980, 
Srivastava and Ormord ,1984), and such ass imi la t ion besides 
nourishing the p l an t de toxi f ies NO and t h e i r products . Fol iar 
nitrogen content increased and chlorophyll content decreased 
in soybean when p l an t were t r ea t ed with NOp(Saharatnam e_t a l . 
1988). Lower dosage of NOp increased chlorophyll content on 
Triticum aestivum while higher doses decreased the chlorophyll 
content and primary produc t iv i ty (Tischner ejt a l . 1989). In 
spruce seedl ings , NOp fumigation increased the n i t r a t e content 
the metabolic a c t i v i t i e s of n i t r a t e ass imi la t ing enzyme and 
glutamic synthetase in shoot but in case of root n i t r a t e reduc-
tase a c t i v i t y reduced, while glutamic synthetase a c t i v i t y 
remained unchanged. NO effec t was noted on growth of l a t e r a l 
roots (Tischner ejt a l . 1989). To varying degree of exposure to 
NO2, Hordeurn vulgares showed an inh ib i t ion of n i t r a t e reduc-
tase a c t i v i t y (NRA) in shoots of the mutants t e s ted . Fluxes 
of NOp appeared to be a mainly dependent on stomatal conductance 
although same in te rva l conductance to NOp represent ing the 
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t r ans fe r of ions into the ce l l and between storage and meta-
bol ic pools , may also be involved (Rowland ejt al» 19Q9). 
According to Murray and Wellbum (1985) no e f fec t on n i t r a t e 
reductase a c t i v i t y of e i t h e r of the two gases (NO and NOp) was 
detected in pepper although NAR a c t i v i t y increased in the 
presence of NO2 in one tomato cu l t i va r . The ne t ass imila t ion 
ra te of(Zea mays and Helianthus annus was reduced by the 
exposure to NOp high concentration (Okano and Totsuka, 1985). 
Effect of NOp on wheat showed that protein content in grains were 
r e l a t i v e l y higher than the control p l an t s (Prasad and Rao ,1980). 
In Phaseolus vu lgar i s seedlings exposed to NOp, t o t a l N content 
increased in a l l treatments and t rans loca t ion of sugar from 
leaves to roots was reduced. Root r e sp i ra t ion s ign i f i can t ly 
reduced a f t e r 5 days ( I to e t al^. 1985). In tomato p lan t exposed 
to NOp t o t a l N content increased (Troiano and Leone ,1977). 
When exposed to NO, tomato p l a n t s (cv Ailsa Craig) showed 
increased n i t r i t e reductase a c t i v i t y and GEH, GPT, GOT a c t i v i -
t i e s in long term exposure contradic tory r e s u l t were noted by 
Wellbum ejt al_. 1980. N i t r a t e reductase a c t i v i t y decreased NOp 
brought about s ign i f i can t decrease in ni trogen accumulation in 
leaves of Petunia hybrida (Elkley and Orrorod ,1981d). I t i s 
not c lear whether the induced stomatal closure i s a d i rec t or 
i nd i r ec t e f fec t . The ind i r ec t ef fec t may be due to an inhibition of 
photosynthesis (Sometimes coupled with an effect on dark r e sp i -
ra t ion) leading to high COp concentration in the substomatal 
c a v i t i e s , r e s u l t i n g in reduced stomatal opening (Hi l l and 
Bennett ,1970). In general in low concentration of NO caused 
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no or only a small reduction in stomatal conductance (Amundson 
and Weinstein ,1981). NO in p a r t i c u l a r , a f fec ts CO^ iptake 
ra tes the l e a s t (Bennett and Hi l l 1973). There i s no evidence 
of stomatal closure with NO fumigation un t i l a f t e r an appre-
ciable reduction in GO^  intake has been measured (Hil l and 
Bennett 1I970). NO affects t r an sp i r a t i on much l e s s than photo-
synthesis (Furukawa £ t a l . 1984). The major e f fec t of NO^  i s to 
increase the mesophyll r e s i s t ance to COp exchange reported 
[Srivastava e t a l . (1975a,b), Furukawa e t a l . (1984)] but Caiison 
(1983) found no reduction res idual res i s tance including carboxy-
l a t i o n res i s tance due to NOp alone. The higher concentration 
of NOp used by Srivastava et a l . (1984) probably accounted for the 
varying r e s u l t s . In the sens i t ive tomato c u l t i v a r Moneymaker 
e i t h e r NO or NOp reduced photosynthesis to about 30% (Capron 
and Mansfield ,1976). Small amounts of NO i s more powerful in 
s i^press ing photosynthesis than NO . In e ight cu l t i va r s of 
common^  Danish ornamental p l an t s exposed to e i t h e r NO or NOp, 
NO alone was found to reduce photosynthesis by 20M while dark 
resp i ra t ion was unaffected, t r ansp i r a t i on was reduced by NO 
only in the presence of 1000 ppm CO p. Under a l l these condi-
t ion NOp fumigation did not a f fec t any of these processes. In 
t h i s study NO was roughly four times more toxic to photosynthe-
s i s than NOp at s imilar ambient concentration (Saxe >1986a). 
Transpirat ion i « s s was affected in Phaseolus vulgarls 
(Srivastava ejt a l . 1975a). Stomatal res is tance only s l igh t ly 
affected by NO. NOp uptake l imi ted by mesophyll res i s tance . 
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NOp inhib i ted photosynthesis and dark r e s p i r a t i o n , in 
Phaseolus vu lgar i s (Srivastava et. al_. 1975t)). Total N content 
increased by NOp exposure in tomato (Troiano Leone, 1977). In 
spinach and sunflower p lan t s NO^ absorption dependent on 
stomats i s grea ter during day time. 99% of i t s reduced to 
organic N compounds, remaining 1% to n i t r a t e and n i t r i t e . At 
night 85-89% NOp reduced to organic forms, r e s t to n i t r a t e and 
n i t r i t e . NOp converted to NO"!, NOp, NH, and amino acids (Kaji 
e t a l . 1980). Net photosynthesis reduced in sunflower p l an t s 
(Furukawa £ t a l .1984) . Spinach and l e t t u c e p l a n t s exposed in 
NOp, the e lec t ron t ranspor t a c t i v i t y of pigment system I and 
pigment system I I not inh ib i t ed by fumigation 153to 10 hour 
s l i gh t inh ib i t ion a f t e r 50 hour exposure (Sugahara et al .1984). 
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OXIDES OF SOLPHUR 
Sulphurd ioxide i s a c o l o u r l e s s gas t h a t may r e a c t 
c a t a l y t i c a l l y o r pho tochemica l ly wi th o t h e r p o l l u t a n t s to 
form su lphu r i c a c i d and d i f f e r e n t metal s u l p h a t e s . Monitor ing 
of su lphur compounds in the atmosphere i s u s u a l l y r e s t r i c t e d 
to the dominant gas SO^* us ing e i t h e r the a c i d i m e t r i c method 
widely adopted i n Europe o r the west and Gaeke method widely 
employed in the United S t a t e s (World Heal th Organ iza t i on , 
1976a). 
Sulphur compounds r e l e a s e d i n t o the atmosphere by 
both n a t u r a l and an thropogenic sou rces a re u s u a l l y i n gaseous 
form such as su lphur dioxide(S02) » sulpher t r i o x l d e ( S O , ) and 
hydrogen su lphide(HS) . These compounds a r e t ransformed by 
chemical r e a c t i o n with such compounds a s s u l p h u r i c acid(HpSO,) 
and o t h e r s viiose l i q u i d and s o l i d forms have very low vapour 
p r e s s u r e and a high a f f i n i t y fo r wa te r vapour. 
SO^ i s formed du r ing the combustion of su lphur con-
t a i n i n g f u e l s , such as coal and o i l and from the h e a t i n g of 
su lph ide o r e s dur ing smel t ing . I t i s a l so r e l e a s e d i n t o the 
atmosphere dur ing the p roduc t ion and use of su lphur , su lphur ic 
a c i d , petroleum and n a t u r a l g a s e s . I n d u s t r i e s a l s o emit some 
hydrogen s u l p h i d e s and war c ap t ans i n t h e i r p r o c e s s i n g opera -
t i o n s . The burn ing of coal and o t h e r f u e l s produces a l a r g e r 
q u a n t i t y of SO^, e . g . about 26.5 m i l l i o n tons of SO^ was p r o -
duced i n 1970 in the United S t a t e s (Dochinger and Ca lve r t J978) 
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Katz (1961) summarised the t o t a l SOp emission on a world 
wide bas is and found tha t 11-12 mi l l ion tons per day were 
released from Cu smelters and 5.5-^ mil l ion tons from lead 
and zinc smelters. Sharma (1986) estimated and reported tha t 
A,80,000 tons of SOp are released in the atmosphere each year 
by the thermal power s t a t ions in India. The annual concen-
t r a t i o n of SOp released from the Kasimpur thermal power s ta t ion 
has been estimated to range from 0,10-0.016 ppm/hr Amani(1982b). 
SOp re leased into the atmosphere, i s absorbed by 
p r e c i p i t a t i o n and d i lu ted product which comes in contact 
with vegetat ion, ground or bui ld ings . Conifers l i k e Pseudo 
suqamenziesii and Pinus contorta are very sens i t ive t r e e s in 
America and have died in SOp po l lu ted region. In India 
Manqifera indica i s badly affected by SOp, p a r t i c u l a r l y i t s 
leaves and f r u i t s around brick k i l n s . Once i t f a l l s ipon 
vegetat ion canopy, SOp may be absorbed d i r ec t l y by the p lan t s . 
Fried (19^9) demonstrated tha t a l f a l f a p l an t s and lemon t r ee 
can absorb SOp d i r e c t l y through leaves and u t i l i z e i t . SOp 
re leased into the atmosphere form Mathura ref inery has adve3>-
sely affected the Taj Mahal in Agra. SOp i s soon oxidised to 
SO, and f i na l l y to sulphuric acid mist . Seskin (1977) claims 
that on annual average sulphate concentration of 100 Mg/m 
increases the mor ta l i ty r a t e by 596. During the l a s t hundred 
years more inves t iga t ion were conducted on the ef fec ts of t h e i r 
gaseous po l lu t an t than of any o ther . In ear ly German publ ica-
t ion Schroeder and Reuss (1883) and Haselhoff and Lindau(l903) 
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reported acute and chronic damage to numerous conflers and 
deciduous t r e e s . Thomas and Hendrick (1956), Thomas e t a l . 
(1952), Broudt and Heck (1966), Danles (1968), Katz and 
Mc callum (1968) Scheffer and Hedgeock (1955), Wentzel (1956), 
Scurf ield ( i960) , Dassler (1963) and Knabe (1966) made exten-
sive contr ibut ion in t h i s area. 
The majority of recent repor t s suggest t h a t SOp 
may indeed reduce several components of growth and y ie ld in 
a va r i e ty of species . Wislicenus (1901) and Stolklosa (1923) 
suggested tha t p l a n t y ie ld could be depressed by low concen-
t r a t i o n of SOp in the absence of v i s i b l e Injury. In cont ras t , 
Katz (1949) concluded t h a t there was no evidence to support 
t h i s concept of i n v i s i b l e injury. Davis (1972) found yield 
lo s ses in soybeans only when v i s i b l e damage occurred. Low 
concentration of SOp may ac t as a p lant nu t r i en t and Improve 
the yield of some fo res t ecosystem (Smith, 197A) and ag r i cu l -
t u r a l crops (cowling and Lockyer, 1978). Reduction in growth 
and yield must r e f l e c t the in ter ference of the po l lu t an t with 
c e l l u l a r metabolism, C0„ exchange or water. Mudd, 1975» 
Hensfield, 1976; Hallgren, 1978; Heeth, 1980; were of the view 
tha t SOp induces changes in physiological process . 
SOp enters leaves through stomata i s dissolved in 
water contained in the ce l l wall and generates b i su lph i te and 
sylphi te ions as well as hydrogen ions . 
S0_ H^SO, < HSO, + H* 
2 2 3 T 3 
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HSO, SO? + H"*" 
Therefore t o x i c e f f e c t s of su lpha t e (SO,) a re l i k e l y to be 
r e l a t e d to t he se t h r e e k inds of i o n s . 
1. In.lury caused by l e v e r i n g i n t r a c e l l u l a r pH 
The In take of s i g n i f i c a n t amounts of SOp i s known 
to lower i n t r a c e l l u l a r pH v a l u e s of l e a f c e l l s (Turk e t a l . 1974) 
Decrease in pH may cause t r a n s f o r m a t i o n of ch lo rophy l l to 
phaeophyt in . But t h i s phenomenon has been observed only in 
p l a n t s exposed to h igh c o n c e n t r a t i o n of SOpi o the rwise a t low 
c o n c e n t r a t i o n ch lo rophy l l was d e t e c t e d . I t i s g e n e r a l l y 
b e l i e v e d SO, a re more a c i d i c than SO, bu t S0_ a re more t o x i c 
than SOr. Importance of i n t r a c e l l u l a r pH and H g r a d i e n t 
a c r o s s membranes diir ing metabolism has been recognised(MltcheIL , 
1977' Will iam, 1978i Smith and Raven ,1979). However, i t i s to 
observe how the SOp exposure a f f e c t t he pH of v a r i o u s o rgane-
l l e s of c e l l s and what i s the r o l e of r e g i o n a l pH changes in 
SOp t o x i c i t y . 
2. Injury caused by d i r e c t e f f e c t o f HSO,/SO^ 
The d e s t r u c t i o n of d i f f e r e n t i a l p e r m e a b i l i t y of 
plasma membrane Induced by SOp exposure has been observed 
(Puck e t a l . 1974, Niebeer e t a l . 1 9 7 6 ; Yu e t a l . 1 9 7 9 ) . One 
of the causes of t h i s i n j u r y may be the damage to the s t r u c t u r e 
and func t ion of membrane p r o t e i n s . Sugahera e_t a l . (1980) 
i n d i c a t e d t h a t 50^ i n h i b i t e d the p h o t o c o n v e r t i b i l i t y of 
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soluble chlorophyll prote in and argued tha t i t r e su l t ed from 
the breakage of S-S bond. 
3. Inhibition of enzymes 
Herman (1982) found ac t iva t ion of f ruc tose-1 ,5 -
biphosphatase by SO, in c u l t i v a r s of soybean. She proposed 
tha t there was competetion between SOT" and stomatal enzymes 
for binding s i t e s on the thylakoid membrane. Schmiz (1980) 
concluded tha t the S 0 ~ st imulat ion of ATPase i s responsible 
for depletion of ATP. These observat ions are in confirmity 
with the suggestion tha t SOp/SOl" i n h i b i t oxidat ive phospho-
ry la t ion , wellbum (1984) pointed out t h a t ATP formation i s 
depressed by SOp/SOZ" and proposed t h a t there i s a competitive 
inh ib i t ion between orthophosphate and SOp/SOT" for phosphorylase. 
Rabe and Kereeb (1980) reported tha t i s o c i t r a t e 
hydrogenase a c t i v i t y in leaves of a l f a l f a and pansy i s also 
reduced by SOp. Amino acid metabolism i s affected by SOp with 
the consequent increase in free amino acid content (Malhotra 
and Sarkar, 1979' Heeth, 1984). Yu e t al .(1984) noted the 
ef fec t of SOp on the d i f f e ren t i a l permeabil i ty of plasma 
membranes. Permeabil i ty change were followed by measurement 
of e l ec t ro ly t e leakage espec ia l ly K"*" leakage from leaves . I t 
was shown tha t the permeabil i ty changes were c losely re la ted 
to SOp injury. Evidence suggests t h a t the membrane l i p i d i s 
affected by SOp. Three kinds of products of peroxidation of 
membrane l i p i d s were detected in p l an t s during the injury 
process . 
33 
1. Ethane was produced, the amount of which 
increased with increas ing concentration of SO^ 
or HSOZ. 
2. Production of t h ioba rb i t u r i c acid react ive subs-
tances mainly malondialdehyde, was increased. 
3. Fluorescent substances accumulated in leaf t i s sue . 
I t was concluded tha t injury by SO2 i s c losely 
r e l a t ed to the peroxidation of membrane l i p i d s . I t was well 
known tha t peroxidation of membrane l i p i d could be induced by 
free rad ica l s which might be generated during the oxidation of 
sulphi te to sulphate. I t was, the re fo re , proposed t h a t SO2 
injury i s mediated probably by the react ion of free rad ica l s 
generated in SOp oxidation. In conclusion, free r ad ica l s take 
p a r t in the process of injury. This provides another proof of 
the hypothesis t ha t the peroxidat ion of membrane l i p i d s i s an 
important p a r t of SOp injury. The i n t e r r e l a t ion can be 
summarized as follows: 
SO2 
V HSO, 
^ Oxidation c:n2- ^ -,, , 
^^ SO^ + Free r ad i ca l s 
2 ^ ^ Op, OH, S0 | HSO^ + ethane 
Membrane Lipids Peroxidation ^ peroxides + TBA-RS 
fluorescent substances 
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Recent ly P e i s e r e t a l . ( l 9 8 2 ) used i s o l a t e d c h l o r o p l a s t t r e a t e d 
by varioTis c o n c e n t r a t i o n of HSOZ to i n v e s t i g a t e the r e l a t i o n -
ship between the e thane p roduc t ion and v a r i o u s f ree r a d i c a l s 
such as Op, 0H~, HSO~ e t c . The exper iment r evea l ed t h a t 
r a d i c a l s produced from s u l p h i t e o x i d a t i o n induce peix)xidat ion 
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of membrane l i p i d s and the main r a d i c a l s concerned in SO^. 
I t i s well e s t a b l i s h e d t h a t SO. a l t e r s the membrane p r o t e i n s 
and p l a y s a r o l e i n membrane l i p i d p e r o x i d a t i o n . The i n i t i a l 
e f f e c t s on c e l l membrane involve the changes of e l e c t r i c a l 
r e s i s t a n c e (Yang e t a l . 1982) and the d e s t r u c t i o n of d i f f e r e n -
t i a l p e r m e a b i l i t y mani fes ted by ion leakage (Yu ejt a l .1979) 
which in tu rn induces the ion imbalance and the d e c i c a t i o n of 
c e l l s . Many of the subsequent a l t e r a t i o n s and d i s r i ^ j t i ons of 
c e l l u l a r metabolism induced by SO^ exposure may be the 
secondary e f f e c t s r e s u l t i n g from e a r l y changes in t he se 
membrane f u n c t i o n s . 
When a good number of c e l l s have been plasmolyzed, 
the a f f e c t e d t i s s u e s c o l l a p s e and dry ou t r e v e a l i n g a p a t t e r n 
of m i c r o s c o p i c a l l y v i s i b l e acute o r ch ron ic i n j u r y . The acute 
i n j u r y caused by h igh c o n c e n t r a t i o n of SOp i s c h a r a c t e r i s e d 
by the r ap id d i sappearence of c h l o r o p h y l l , breakdown of c e l l s 
and development of n e c r o s i s , ch ron ic i n j u r y i s slower and 
r e s u l t s from the gradual breakdown of ch lorophyl l* of c h l o r o s i s 
develops wi thout any c e l l u l a r c o l l a p s e . I t i n v o l v e s reduced 
metabol ic a c t i v i t y , decreased p h o t o s y n t h e s i s and genera l growth 
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sippression. There i s no sharp l i n e of demarcation between 
the acute and chronic injury* the terms represent the degi^e 
of injury with respect to concentration of gas. Enough 
information has been accumulated on symptomatology during the 
l a s t 100 years (Jacrbson and H i l l , 1970» Ven Haut and Startman, 
-\970i Malhotra and Blenel , 1980). Brandt and Heck (I968) 
described in de t a i l the leaf markings caused by a i r born; 
po l l u t an t s and s imi lar markings due to infect ion and physical 
i n j u r i e s . The v i s i b l e symptoms are therefore c h a r a c t e r i s t i c 
in nature but in no way specif ic because they are i nd i s t i ng -
uishable from o ther condit ions (Beg, 1980), The bas ic ce l lu l a r 
responses of SOp are the same for a l l species but due to ana-
tomical va r ia t ion of species , symptoms show var ia t ion e.g. they 
di f fer between broad leaved and needle leaved species . 
Broad leaved symptoms 
There are i r r e g u l a r marginal and in te rve ina l nacrot ic 
b lo tches , bleached vrfiite to straw (some times brown) often with 
chloros is of surrounding t i s s u e s . The blotchy to s t ippled 
e f fec t va r ies in colour from white to reddish brown. Sometimes 
with long e>q30sures a t very low concentrat ion, a general 
chlorosis develops in old leaves . Linzon (1969) observed tha t 
acute injury on deciduous t r e e s may occur as f ibac ia l l e s ions 
between views. In grasses i r r e g u l a r necro t ic s t reaks on e i t h e r 
side of the raidvein are bleached l i g h t tan to white. The t i p s 
may be affected. Wood (1968) quoted only two examples of 
fumigation of grasses out of a l i s t 99 species. 
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In coni fers , the needle t i p s become brown necro t ic 
often with a bonded appearence. Generally there i s a chlorosis 
of adjacent t i s s u e s . Dochinger (1968) suggested tha t senescence 
of o lder needles on sens i t ive t r e e s appear sparse and unthr i f ty . 
Thomas e t al . (1950) found la rge amount of sulphate in analyses 
of leaves with chronic symptoms. Numerous inves t iga t ions 
including Thomas e t a l . ( l 950 ) i Petz (1956); Brondt and Heek 
(1968^ and Dachinger and Sel iskar (1970) revealed t h a t different 
species , v a r i e t i e s within a species and even clones within a 
p l an t var ie ty vary in t h e i r s e n s i t i v i t y to SOp. Bar re t t and 
Benedict (1970) explained the responses of p l an t s to SO^ as they 
are influenced by the r e l a t i v e maturi ty of t i s s u e s , so i l mois-
t u r e , i n t e rac t ion with other s e r i a l contaminants, l eve l s and 
f luc tua t ion in po l lu t an t concentrat ion, r e l a t i v e humidity, 
stomatal behaviour and the r e l a t ed environmental factor . 
Visible l ea f in jury , p a r t i c u l a r l y necros is has been 
observed among o the r s , by De Santo e t a l . (I979)i P ie r i e and 
Queriroz (1988), Hasebie e t a l . ( l 9 8 6 ) , Tsukahera g t a l . (1987) , 
Grassed e t a l . ( l 9 8 1 ) , Mishra (1980) and David e t a l , ( l987) in 
both anglosperms and conifers . According to Bytanerow e t a l . 
(1987) elevated SO^ concentration caused decrease in the 
buffering capacity and increases the Injury in wheat leaves. 
Chukawa e_t a l . (1980) studied for ty s ix v a r i e t i e s of crops tha t 
showed v i s ib le in jury in leaf por t ion p a r t i c u l a r l y in the 
middle lower leaves . For a g r i c u l t u r a l l y impoirtant grasses 
Lolium perenne L. , Loliura mul t i f lorus Lam. , Dactylis glomerata 
42 
and Phleum pratense L. showed ch loro t ic l e ss ions a f te r e^qjosure 
to the heighest cone, of SO^ (Lockyear 1985). The v i s ib le 
f o l i a r in^Jury in the form of in t e rv iena l chloros is and necrot ic 
patches observed on the leaves of S0_ t r ea t ed p l an t s were 
p o s i t i v e l y cor re la ted with acxjraulative doses of SO- (Chand ejt a l . 
1989). However, Reynolds £ t a l . ( l 987 ) reported tha t increasing 
accumulative SOp cone, resu l ted in s ign i f i can t decreases in 
the ra te of l e s s ion appearence in f i e l d grown red kidney beans 
(Phoseolus vvilgaris). Since C. p l an t s have a lower stomatal 
conductance than C, p lan t s they absorb l e s s SO^ during fumiga-
t ion . Furthermore, stomata of C, p l a n t s are generally more 
sens i t ive to environmental condit ions causing stomatal closure, 
whereas C, p lan t s are more vulnerable to st imulation of stomatal 
opening by SOp. Thus the ra tes of SOp flux in to C, leaves and 
water flux out of them both increases . C, p l an t s exh ib i t 
grea ter res is tance not only to drought but also to SOp. 
According to some s c i e n t i s t s , reduction in growth 
and yield (damage) occurs only i f v i s i b l e injury i s observed. 
To o the r s , a s ign i f i can t reduction can occur even in the 
absence of v i s i b l e injury. P lan ts may respond to SOp by 
e i t h e r increased or decreased growth and yie ld . Ei ther effect 
can occur with or without a v i s i b l e in jury . Jones e t a l . (1978) 
were unable to detect yield l o s s in soybean f i e l d s tha t were 
injured v i s ib ly by SOp. They concluded tha t the p l an t s had 
su f f i c ien t time to recover and compensated from the i n i t i a l 
adverse ef fec ts of SOp. Similar r e s u l t s were obtained by 
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Haase e t a l . (1980) , they examined vegetat ion in the v i c in i t y 
of a copper smelter in Arizona (USA) for 43 years and concluded 
1. t h a t no yield l o s s occurred in the absence of 
v i s i b l e injury. 
2. tha t per cent yield l o s s was l e s s than the per 
cent leaf area injured. 
3. tha t ther« was no evidence for the existence of 
a c r i t i c a l growth s tage. 
k. t ha t the l ea f injury induced by SO^ did not 
always r e s u l t in a y ie ld l o s s , and 
5. t ha t experimental SOp exposure could r e s u l t in 
benef ic ia l e f fec ts on both growth and yie ld . 
Warteresiewiez (1979) concluded that most injury and 
yie ld loss occured where sulphation r a t e s exceeded 1.8 mg/ 
(100 cm d) in areas with multiple sources and approximately 
1.2 mg/(lOO cm d) in areas near single sources. Weatherford 
(1978) and Haase e t al .(1980) suggested tha t some components 
of y ie ld , mainly ae r i a l p a r t s , can be stimulated in the f ie ld 
when SOp concentration are low to moderate. Davis (1972) and 
Salem (1980) were as opinion t h a t the c r i t i c a l growth stage 
effect can not be found in the f i e ld . Yield was reduced in 
broad bean when po l lu t ion episodes occurred during flowering 
(Maly, 1974). The idea that low concentrat ions of SOp are 
su f f i c ien t to have an adverse e f fec t on p lan t s has been debated 
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for many years. Wislicenus (1901) and Stolklesa (1923) 
suggested tha t p lant yield could be depressed by low concen-
t r a t i o n s of SOp in the absence of v i s i b l e injury. In contras t , 
Katz (1949) held t h a t there was no evidence to s ipport t h i s 
concept of i nv i s ib l e injury. Davis (1972) found yie ld losses 
in SOp fumigated soybeans only when v i s i b l e damage had occured. 
Dubey (1983) reported as much as 9U% reduction in flowers, as 
compared to unpolluted area of Mangifera indlca. Similar 
ef fec t was observed in Acacia arabica and Delonlx regia 
(Pawar, 1982), showing a marked reduction in f r u i t number also. 
Reduction in f r u i t and yield in M. indica growing in affected 
area was also noted by Rao (1972). Kucharski (1987) concluded 
tha t a long term exposure to low l e v e l s of SOp, even without 
v i s ib l e p lan t i n j u r i e s , resu l ted in more s ign i f ican t crop 
losses than at short term high concentration. I t was also 
observed on car ro t by Lauenroth e t al_. (1983). In addi t ion, 
i t has been suggested tha t when the sulphur s t a tus of the 
so i l i s poor, low concentrat ions of SOp may act as a p lan t 
n u t r i e n t and improve the yield of some fores t ecosystem (Smith, 
1974) and ag r i cu l tu ra l crops (cowling and Lockyer,1978). Most 
recent r epor t s , however, indicated tha t SO may indeed reduce 
several components of growth and yield in a range of species. 
These components include dry matter production and t i l l e r i n g 
number of s p i k e l e t s , ripened gra ins , r e l a t i ve growth, shoot 
dry weight, root-shoot r a t i o and lea f area. (Ashenden, 1978» 
1979, Ayazloo e t al .1980; Davis, 1980). Increased dose of SOp 
reduced f r u i t y ie ld by 18% in tomatoes (Heggestard e t a l . 1986). 
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The sulphur qual i ty of leaves increases with increased doses 
of SOp. Keynolds e t al .(1987) grown red kidney beans 
(Phaseolus vulgar is) in f i e ld s and reported tha t increase in 
accumulation of SO^ concentration lead to reduction in yield. 
Sprigel £ t a l . (1981) studied the SO^ effect on yield and seed 
qua l i ty in f i e l d grown soybean. The yield decrease was ranged 
from 50-A8% due to decrease in mean weight per seed and the 
number of seeds/ p lan t . Harvest r a t i o also reduced in the more 
heavily ftmigated p l o t s . Studies on wheat, rye, bar ley , pear 
and grape vine have shown t h a t temporary accumulation of SO^ in 
the atmosphere resulted in major y ie ld decrease (Catanesw ejt a l . 
1987). In a study by Mil ler e t al . (1978) severe chloros is and 
occasional necros is (2-5% of t o t a l l ea f area) was obseirved on 
p l an t s close to the fumigation source or concentration of S0« 
was d i r ec t ly proport ional to reduction of yield. Engmen et a l . 
(1969) noted reduction in grains weight, with increasing doses 
of SO^, in barley (19%), rye (12%), wheat (10%) and oa ts (9%). 
Reductions in the straw yie ld were even grea ter . Both increase 
and decrease in the dry weight of seven wheat c u l t i v a r s were 
observed by Laurence (1979), depending on the concentration and 
duration of exposure. S t a t i s t i c a l l y s igni f icant increase in 
dry weight were found with six of the seven c u l t i v a r s a t low 
SO- concentration, biomass production was increased on a dry 
weight bas is . The analys is by Shimizu e t a l . (1980) of the 
ef fec ts of SO- on sunflower growth can also be used as an 
example. The dry weight of the whole p lan t was not s igni f ican-
t l y affected. The lea f area increased, but a t the same time 
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flower dry weight and p lan t hei?:ht decreased. Information 
i s l i t t l e on SOp ef fec ts on the growth or biomass in herba-
ceous ornamentals. Bamet t and Ormrod (1972) have presented 
data on the response of Coleus, Snapdragon, Begonia and 
Petunia showing d i s t i n c t differences in res i s tance between 
species and c u l t i v a r s . A s ign i f i can t decrease in biomass of 
fumigated seedlings was also observed (Hirandelles et a l . 1987). 
The deficiency of sulphur caused reduction in the weight. 
Norby and Kozolawski (1981) reported tha t root and shoot wer^ 
affected in woody p lan t . Crittenden and Read (1978) were of 
the view that the growth and dry weight was depressed vpto 
56% in Lolium perenne. Vigna mungo L, showed inh ib i t i on in 
growth parameters (Lalman and Singh ,1988) and s ign i f i can t 
increase in germination percentage of zea mays was observed 
(Chand and Yadav,1989). SOp hindered the seed germination in 
raddish, mustard, a l f a l f a and ba j ra , where the growth of 
seedlings espec ia l ly shoot was adversely affected (Banerjee 
and Chapekar ,1980). 
Likewise, the fresh wt. of Phaseolus v\iLgaris cv 
processer was reduced in mature and old leaves , root and stem 
(Saxe, 1983), and in the root and shoot of Medicago sat iva L. 
(Murray, 1985). SOp also affected Pigeon pea ca.janus L. root 
grovrth and nodulation> and also decreased dry accumulation in 
a l l p a r t s of the seedlings (Satyanarayana e t a l . , 1985). In 
Vicia faba p l a n t s , SOp in te r fe red with nu t r i en t uptake and 
p l an t growth leading to reduction in length of root and shoot. 
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number of leaves and nodules, foods phytomass, accumulation 
and net primary produc t iv i ty (Agarwal ejt al^. 1985). Navari 
(1989) reported i n v i s i b l e injury on leaves of Horde tan vulgar i s , 
H. vulgar is exposed to long term fumigation with low concentra-
t ion of SOp, shewed rediictlon in p l an t height and dry weight of 
root and shoot. Alfalfa p l an t s on exposure to SOp showed marked 
prowth reduction (Singh £ t a l .1985) . Koziol et al .(1986) 
studied responses of SO^ sens i t ive and r e s i s t a n t genotypes of 
rye grass (Lollium perenne ) . Prolonged exposure to SO, 
hampered p lan t growth s ign i f i can t ly . Similar growth reductions 
were noted in Nicotiana tobacum, Cucumia sa t ivus (Majestrick, 
1980 ) , Phased us vulgar i s (Temple q^ ai.* » 1985) and Avena 
sa t iva (Chand e_t al_., 1989). In Betula papyrifera and Be tula 
nigra induced p a r t i a l stomatal c losure , injxiry to leaves and 
reduction in mean r e l a t i v e growth r a t e s were observed (Narby 
and Kozlowski,1983). Thompson (1985) noted ch loro t ic injury 
on wheat leaves and an increased t o t a l leaf sulphur. The to ta l 
weight of wheat seed was reduced. Let tuce, had no deterimental 
effect from SOp. The exposed o lan t s of Amaranthus gracizans 
were ident ica l to the control p l an t s in general growth and 
vigour, adverse e f fec t s on the general growth p lan t s were not 
apparent even a t the higher concentrat ion of SO- (Yunus et a l . 
1981). Singh e_t a l . (1985) used S0» as a nu t r i en t source as 
well as a toxic agent. Separating the nu t r i en t and toxic 
e f fec t i s d i f f i c u l t , because a process or s t ruc ture tha t i s 
impacted pos i t i ve ly by the n u t r i e n t supplying p rope r t i e s of 
SOp may be negat ively impacted by the same concentration of SOp 
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as exposure time increased. A t r a n s i t i o n from pos i t ive to 
negative ef fec ts can also be expected. The low SO2 treatment 
displayed maximum canopy height , t o t a l l eaf area, and l i ve to 
dead r a t i o , p l an t s on the medium S0_ treatments never a t ta ined 
the leaf area observed on the cont ro l . The growth pa t t e rns 
indicated pos i t ive responses with low SOp exposure but negative 
responses pre-dorainated with increasing concentration of SO .^ 
Studies of Heilschmidt et a l . (1978),Rice e t al.(1979) 
and Lauenroth £ t al_. (1981a) suggested that both g3?owth and senes-
cence process were a l t e red by SO^ exposure, 'ffhen heated with 
low cone. S0_ responses appeared subt le and contained both 
inh ib i to ry and st imulatory elements. Fa l l e r (1971), Cowling 
and Lockyer (1973) reported that low concentration of SOp can 
st imulate p lan t growth by cor rec t ing n u t r i e n t sulphur deficiency. 
Definition of the magnitude of these e f fec t s on grasses has 
proved to be p a r t i c u l a r l y d i f f i c u l t . Bell e t a l . (1979) reported 
tha t dry weight of Lolium perenne was reduced a f t e r 173 days 
exposure to 43 ^^ g SOZ-^  (23 ppb), but there was no effect af ter 
144 days exposure to 66 Ug m -^ (23 ppb). In con t ras t , no 
reduction was observed by cowling and Koziol (1978). There are 
repor t s tha t degree of depression of yield and growth may be 
strongly influenced by many p lan t and environmental fac tors . 
Crittenden and Reed (1979) and Be l l , et. a l . (1979) found tha t 
the s e n s i t i v i t y to SO varied with p lan t age. Heek e t a l . (I965) 
concluded tha t p l an t s were more sens i t ive to po l lu t an t s when 
they were grown in s o i l s of low f e r t i l i t y than in well-fertQJ2Bd 
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s o i l s . Similarly Ayazloo e t a l . ( l980) indicated tha t high 
nitrogen decreases the s e n s i t i v i t y to SOp injury. Certain 
species or c u l t i v a r possess inuate or evolved res i s tance to 
SO2. 
Prevai l ing environmental conditions during exposure 
have been shown to be important. Bell (1982) suggested tha t 
Lolium perenne i s more suscept ible in winter than in summer. 
Greater yield reduction have also been reported a t higher 
wind speeds (Ashender and Mansfield 1977). Thus any r e l a t i on -
ship between exposure to SOp and reduction in growth or yield 
depends not only on po l lu t an t concentration but also on p lan t 
s t a t u s and the mul t ivar ia te microclimate. 
Low concentrat ions of SOp affect growth and yield 
in some species and in cer ta in environmental condi t ions, any 
reduction in growth y ie ld must r e f l e c t . The in terference of 
the po l lu tan t with c e l l u l a r metabolism, COp exchange or water 
l o s s . However, the numerous attempts to define and elucidate 
these SOp induced changes in physiological process , lack of the 
understanding of mechanism of these responses (Mudd 1975), 
Mansfield (1976), Hallgren (1978); Heeth (1980). Most of the 
research has been car r ied out on such topics as stomatal 
behaviour, t r anspor t a t ion , r e sp i r a t i on and photosynthesis of 
whole p lan t or l eaves . 
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Stomatal behaviour 
A po l lu t an t Induced change in stomatal aperture will 
have important consequences. F i r s t , there wi l l be an enhance-
ment or depression in photosynthet ic COp intake and t ranspor-
t a t ion water less . Secondly, the qua l i ty or r a t e a t which 
po l lu t an t enters the p lan t s and a r r ives a t the metabolic s i t e s 
in the underlying mesophyll t i s sue wi l l be a l t e red . Stomatal 
responses may thus have an important role in determining tW.^  
e f fec t s of p o l l u t an t s on gas exchange and ul t imate ly growth 
and yield. 
Stomatal e f fec ts induced by SOp are varied in magni-
tude and d i rec t ion . Stomata may be induced e i t h e r to open or 
to close in response to SO^ depending on the species examined, 
concentration and length of exposure to S0_, and preva i l ing 
environmental condit ions. Some of the f i r s t observations of 
SOp induced stomatal responses were made by Mansfield and 
Majemik (1970) who demonstrated an enhanced stomatal opening 
in v ic ia faba p l an t s exposed to SO- grea ter than 0.25 ppm. 
Other species exhib i t ing s imi lar response Include Zea mays 
(Unsworth e t a l . 1972) , Pine (Farrer e t a l . 1977), Phaseolus 
vulgar i s (Ashenden, 1978»* Rlst and Davis 1979), Pea and Com 
(Klein et al,1978) grape vine (Shertz e t a l . 1980), radish 
sunflower and tobacco (Black and Unsworth 1982), navy beans, 
cucumber, soybean and sabulosa (Winner and Mooney 1980 c). 
These responses were reported to occur within a few minutes of 
exposure to SOp and resu l ted in a 10-20% increase in stomatal 
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conductance in several C, p l an t s and a maximum increase of 
200% in the C, species Atr iplex t r i a n g u l a r i s (Winner and Mooney 
1980 c) . In con t ras t , stomatal closure or depressed t ransport 
t a t i on r a t e s in response to SO- have been reported in many 
species . These include p in to beans (S i j and Swsnson 1974), 
Pelargonium hortorum (Bonte, 1975» Bonte e^ al.1977) pine 
(Caput e t ^ . 1 9 7 8 ) , Diplacus auraut lacus and Heteromeles 
a rbu t l fo l l a (Winner and Mooney, 1980 a,b) Peanut, tomato,raddish , 
p e r i l l a and spinach (Kondo and Sugahara 1978) cas tor o i l , swiss 
chard, r i c e , poplar plane sunflower, cucumber (Furukav^ e t ^ . 
1980), wheat, com. Sorghum and bean (Kondo e t al»1980), 
Apple (Shertz Kender and Musselmen, 1980) and birch (Biggs and 
Davis 1980). The maximum inh ib i t i on of t r ansp i r a t ion r a t e s 
observed ranged from 35-75?^ and occurred within the minutes 
exposure depending on the species examined. However, in the 
majority of these inves t iga t ions stomatal responses to only 
high concentration of SO^ were examined. I t i s not known, 
therefore ^whether these species also show enhanced opening a t 
lower SOp concentrat ion. Environmental condition during expo-
sure may modify stomatal responses to lov/ concentration of S0». 
I t can be demonstrated tha t stomata must be open before r e s -
ponses to SOp. For example, stomata are not usually affected 
by SO2 i f exposure occurs in the dark when stomata are closed 
(Black and Unsworth, 1980). There are species which are able 
to expert some control over water l o s s by reducing stomatal 
aperture as evaporation demand increases i . e . they are sens i -
t ive to vapour pressure d e f i c i t , whereas species v^ich are not 
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sens i t ive in t h i s way, e.g. Phaseolus vxjlgaris, showed only 
enhanced stomatal opening over a range of r e l a t i v e humidit ies. 
I t has been suggested (Aston, 1976) t h a t in species sensi t ive 
to vapour pressure d e f i c i t , as d e f i c i t becomes l a r g e , t r an s -
p i r a t i o n water l o s s from e i t h e r of the guard c e l l s or the 
epidermal c e l l s adjacent to guard c e l l s wil l increase and 
l o s s of guard ce l l turgor with stomatal closure wi l l ensue. 
Stomatal responses to SOp exposure could i n t r a c t with t h i s 
pos tu la ted mechanism. The increase in stomatal conductance 
induced by the act ion of S0_ wil l r e s u l t in higher t ranspira-
t ion r a t e s and thus grea te r water l o s s from the stomatal ce l l s . 
High concentration of SOp induces s ign i f i can t changes in leaf 
water po ten t i a l in v i c i a faba which may af fec t changes in 
stomatal aperture* no measurable changes in leaf water 
po t en t i a l have been observed in v i c i a faba and Petunia (KLkiey 
and Ormood,1979) a f t e r exposure to low concentration of SOp. 
I t has been suggested t h a t stomatal responses are 
mediated through changes in COp concentration in the in ter^ 
c e l l u l a r spaces. Kozoil and Jordan (1978) proposed tha t the 
increase in stomatal conductance reported by Mansfield and 
Majennik (1970) may be the r e su l t of enhanced in te rva l COp 
concentration caused by SOp-induced increases in resp i ra t ion . 
Al te rna t ive ly , i t i s suggested tha t CX)p concentration in the 
substomatal cavity wil l increase as SOp depresses photosyn-
t h e t i c COp f ixa t ion , r e su l t ing in enhanced stomatal closure. 
However, t h i s hypothesis cannot explain the enhanced stomatal 
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opening exhibited by many species in response to low S0_ 
concentration or when p l an t s are po l lu ted in the dark with 
storaata open. Thus there i s considerable evidence to 
discount t h i s theory as the major cause of changes in 
stomatal aperture induced by low SO^ concentration. However, 
many species which exhib i t s enhanced opening a t low concen-
t r a t i o n show enhanced closure a t higher SO- concentration. 
At these concentrations where SOp induced reduction in 
photosynthesis may be considerable, increased concentration 
of COp in i n t e r c e l l u l a r spaces may play a s ign i f i can t p a r t 
in stomatal c losure . This evidence suggests tha t the enhanced 
stomatal opening in bean (Vicia faba) induced by low concentra-
t ion of SOp, may r e s u l t from p re fe ren t i a l injury to the adjacent 
epidermal c e l l s (Black and Black, 1979a). At higher SOp concen-
t r a t i o n , stomatal closure was observed* t h i s was associated 
with c e l l u l a r disorganizat ion and reduced guard-cel l v i a b i l i t y . 
Several type of responses a f t e r removal of SOp have been 
reported. These include continuation of responses observed 
during exposure (Beckerson and Hofstra, 1979» Black and 
Unsworth .1980) and a re turn to unpolluted conductance e i the r 
as soon as the po l l u t an t i s removed. Thus, SOp induces a number 
of stomatal responses t ha t are influenced by the po l lu t an t 
concentration and environmental condit ions and di f fer between 
species. 
Action on r e sp i r a t ion 
The e f fec ts of SOp on t h i s process are r a re ly studied, 
although dark r e sp i r a t i on and photo r e sp i r a t ion are important 
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components of the carbon budget. From the l imi ted number of 
i nves t iga t ions , widely cont ras t ing conclusions may be dravm. 
SOp has been reported (1) to have no effect on resp i ra t ion 
(Furukawa ejt a l . 1980), (2) to have small effect on resp i ra t ion 
(Shimazaki and Sugahara 1980), (3) to decrease r e sp i r a t ion 
r a t e s (Taniyama 1972), as well as (4) To increase the r e sp i -
ra tory a c t i v i t y (Black and Unsworth 1979b). Not only have 
the magnitude, d i rec t ion and l o n g e t i v i t y of responses not 
been careful ly defined but the mechanisms of response, whether 
i n d i r e c t l y through impaired photosynthesis or c e l l damage or 
as a d i rec t consequence of SO^ injury on the r e sp i ra to ry process 
i t s e l f , are not understood. SO^ Induces a s ign i f i can t a l t e r a -
t ion in r e sp i ra to ry a c t i v i t y . Parameter of COp exchange i s 
not photosynthesis , a term which encompasses both gross photo-
synthet ic COp f ixa t ion and photo r e sp i r a t i on CO^ r e l ease . SOp 
e f fec t s e i t h e r gross photosynthesis or r e sp i ra t ion alone or 
a combination of both. Kozoil and Jordan (1978) reported on 
exponential increase in photorespi ra t ion of i n t a c t p l an t s of 
Phaseolus vulgar i s with increasing SOp concentrat ions and 
suggested tha t these enhanced r a t e s . s y and Swanson (1974) 
considered tha t SOp- induced e f fec t s on photorespi ra t ion were 
unl ikely because ne t photosynthesis responses of C, and C. 
species t e s t ed were s imi lar . In con t ra s t , several worScers 
(Buron and Comic, 1973' Spedding and Thomas, 1973* Koziol 
and Cowling, 1978; Furukawa e;t al.1980) reported tha t photo-
re sp i r a t ion was inh ib i t ed by SOp. Such r e s u l t s are in agree-
ment with the i n d i r e c t evidence t h a t glycolate accumulated in 
55 
Hordeum p l a n t s . Ziegler (1975) pos tu la ted tha t SO^ i s l i k e l y 
to d r a s t i c a l l y reduce or completely abolish ra te of photo-
resp i ra t ion . Inh ib i t ion of photorespi ra t ion a t low concen-
t r a t i o n of SOp, an enhanced net photosynthesis r a t e s wil l 
r e su l t . Tolbert and Ryan (1976) opine t h a t any SO2 induced 
depression of photorespi ra t ion may not be completely beneficial . 
Pho to s ynthe s i s 
Numerous repor ts (Mudd, 1975' Hallgren, 1978i Heath, 
1980) indicate tha t photosynthesis i s a process which i s very 
sens i t ive to SOp in many species . SO^ exposure r e s u l t s in 
depressed net photosynthesis r a t e s . A small number of woriters 
repor t temporary enhanced photosynthesis (Black and Unsworth 
1979b» Winner and Mooney 1980 c) . Although these enhanced 
r a t e s can often be a t t r i b u t e d to increase stomatal conductance 
or depressed photoresp i ra t ion , many of the reported substant ia l 
reductions in net photosynthesis cannot r e s u l t e n t i r e l y from 
changes in these f ac to r s . Depressions in photo synthet ic ra tes 
depend on SO^ concentrat ion. The lowest SOp concentration 
reduced photosynthesis and t r ansp i r a t i on photosynthesis of two 
d i f fe ren t spruce types s ign i f i can t ly (Saxe and Murate, 1989). 
Reduced stomatal aperture reduced photosynthesis(Prica and Long 
1989). The dry matter production and net primary product iv i ty 
of Solan urn tuberosum decreased chlorophyll a, b and to t a l chlo-
rophyll content of leaves (Kumar e^ a l .1986) . L'Hirondelles 
e t a l . ( l987) noted decrease in ne t ass imi la t ion ra te in Populus 
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tremuloides seedlings and Pinus banksians seedl ings. Photo-
synthesis was inh ib i t ed by SO^ fumigation in Marchantla 
polvmorpha and M, t i ne t o r i urn (Takaoki et a l . 1986). Pandey and 
Rao (1978) described a reduction in the chlorophyll content 
of wheat (Triticum aestivum) p lan t . Carbohydrate content, 
c a l o r i f i c values, phytomass accumulation and net primary pro-
duc t iv i ty were increased i n i t i a l l y a f te r exposure of SO. but 
l a t e r decreased in a l l above parameters in wheat (Triticum 
aestivum) c u l t i v a r RRpi (Parsad and Rao, 1981). Higher soluble 
sugar in barley (Hordeum vulgare) seedlings was observed by 
Farooq e t a l . (1982) . Gr i f f i th and Cambell (1987) held tha t SO^ 
may influence with metabolism and t ranspor t in snapbean. 
Vijayan and Bedi (1988) suggested tha t ef fec t of SO^ on Syzygium 
cummini includes reduction in chlorophyll a, b, carotenoid, 
p ro t i en , ascorbic acid and carbohydrate. However, chlorophyll 
content increased s ign i f i can t ly in case of Zea mays (Chand and 
Yadav, 1989). Sulphur leve l also increased s ign i f i can t ly in 
western wheat grass (Milchunas e t al^.1981). An appreciable 
ef fec t of pH change was observed in barley leaves (Chung, 1982). 
Absorbtion spectra of pigments were general ly decreased. 
Chlorophyll a and b increased immediately prote in and RNA level 
were also affected in \ ^ i t e bean (Backerson and Hofstra, 1979). 
Species vary, however, in the magnitude and threshold 
of photo synthet ic responses to SOp. Responses of several species 
cont radic t the conclusions of Cerkroost (197A), tha t inh ib i t ion 
of photosynthesis occurred only when SO^ concentration exceeded 
57 
a threshold which varied with species . A higher cumvilatlvc 
SOp dosage immediately resul ted in an appreciable reduction, 
in plant growth and ul t imately in the production leve l of 
p l an t s (Singh e_t a l . 1987). Saxe and Murate (1989) found tha t 
low concentration of SO^ reduced photosynthesis and t r ansp i r a -
t ion while Katainen (1987) observed tha t Moderate concentration 
of SOp caused a decrease in the photosynthesis r a t e and lowest 
concentration had the smallest e f fec t on dark resp i ra t ion . 
Singh e t a l , (198*?) studied in Spruce (Picea abies) responses 
of Cedendula o f f I c l ana l l s to long-term funigation with SO2 
in preflowering, flowering and post flowering stages and 
showed tha t photosynthet ic pigments were degraded and leaf 
ex t rac t pH and pro te in content declined in SO- t r ea t ed p lan t s . 
Growth responses of Raphanus sa t ivus cv. Japanese, when studied 
a t higher accomulative doses, showed decrease in a l l growth 
parameters and l o s s of chlorophyll a and b. Sardi Katalin 
(1981) working in soybean Glycine max and Pisum sativum under 
continuous SOp and root po l lu t ion , reported an increased 
soluble prote in content a t low concentration of SOp but the 
higher level of po l lu t ion had a toxic ef fect on synthesis of 
pixjtein P l a n t responses to a po l lu t an t are more l i k e l y to 
depend e i t he r on ra te a t which gas i s absorbed by the p lan t 
or period of time. These fac to rs depend on the conditions of 
exposure, stomatal conductance, degree of absorption of SOp 
onto leaf surfaces as well as ambient po l lu t an t concentration. 
The chlorophyll content of leaf i s reduced and the stomata of 
the leaves cannot shut during the n ight leading to excessive 
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t ranspor ta t ion (Borka ejt al . ,198l) . The stomatal conductance 
of the adaxial and abaxial leaf surfaces were both increased 
by exposure to SO^ in Vicia faba (Black and Blacky 1979). 
Lauenroth and Dodd (1981) found chlorophyll " a" to be more 
sens i t ive than chlorophyll " b " concentration in western 
wheat grass . The t r ansp i r a t ion and photosynthesis were more 
responsive to SO- a t higher temp, in woody species(Faxlnus 
pensylvlnica and Liriodendron t u l i p i f e r a ) than in herbacious 
species (Zea mays) (Taylor, 1985). The responses of several 
physiological parameters to e:>q)osure to SO^ may di f fer in 
d i f ferent cu l t i va r s as a Pisum sativum (Alocher £ t al.,1987). 
SOp also i n h i b i t s photosynthesis in f i e l d bean (Vicia faba), 
barley (Hordeun vulgare) and rye grass (Lolium perenne) 
( Darrail 1986). Lockyears (1985) studied four ag r i cu l t u r a l l y 
important grasses (Lolium perenne L.Multlferous, Dactyl i s 
glomerata and Phleum pratense) and noted a s ign i f i can t effect 
of SOp on the t r ansp i r a t ion co-e f f i c ien t measured for D. glomerata 
and P.pratense . The exposure of SOp decreased leaf prote in 
concentration in Trigolm subterraneum cu l t l va r var weogenelhep 
and Lolium perenne c u l t i v a r T e t r a l i t e , chlorophyll contents 
were decreased in clover but not in rye grass (Murray, 1985). 
Prasad and Rao (1982) obsei^ed tha t soybean showed grea ter 
responses to SO2 than wheat with lower leaf ex t r ac t s pH, higher 
accumulation of sulphur on SOp t rea tments , and lower content of 
chlorophyll , ascorbic acid and t o t a l carbohydrate. They 
concluded tha t leguminous cixips are more sens i t ive to SOp than 
cereal crops chlorophyll a, chlorophyll b and s tarch were 
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Induced in mature and old leaves of Pheseolus vTJLpiarls L cv 
processer (Saxe,1983). Agrawal et a l . (1987) noted the effect 
of SO^ po l lu tan t en chlorophyll and carotenoid pigment of 
Oryza satlva^ Ground nut (Arachis hypogea) showed necro t ic 
l e s ions and reduced net primary p roduc t iv i ty , an increase 
in the accumulation of sulphur and a decrease in N and P 
concentration (Mishra, 1980). Exposure of Oryza sa t iva p lan t s 
during t i l l e r i n g and flowering decreased the concentration 
of photosynthesis pigments, peroxidase a c t i v i t y and amounts 
of reducing sugar (Nandi e t a l . .1986). Noyes (1980) observed 
production in ne t photosynthesis and in t rans loca t ion observed 
in Phaseolus vulgar i s c u l t i v a r Bluk valent ive . SOp exposure 
caused a decrease in product iv i ty and leaf area indices for 
several species. In t h i s phase t r ansp i r a t i on and photosyn-
t h e s i s were depressed (Steubang and Fangmeier 1987). Schmidt 
e t al .(1988) suggested tha t stomatal ac id ica t ion ipon SO-
Intake in t e r f e re s with l i g h t a c t i v i t a t i o n of Calvin cycle 
enzymes. I t also damages the photo system I I . The f o l i a r 
in jury , pigment and ascrobic acid concentration in Vlgna 
rad ia ta were d i r ec t l y proport ional to the concentration of 
SO2 (Singh and Rao, 1988). Visible f o l i a r injury symptoms 
appeared with decreasing l eve l s of chlorophyll and carotenoid 
Pigment (Agrawal e t al^.,1987). At higher concentration of SO , 
there were some v i s i b l e l ea f injury reducing the leaf area. 
Content of sulphur in the shoot increased l i n e a r l y with the 
concentration of SO^ (Cowling, 1978). Pheseolus vulgar i s was 
exposed to SO2 with continuous mono to r ing of photosynthetic 
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and resp i ra tory l e v e l s . Total sugars and s tarch content 
were increased by exposure to the lower concentration of SO^ 
but decreased by the higher concentration (Koziol and Jordan, 
1979). Increase in sugar and s tarch l eve l s preceded symptoms 
of v i s ib l e injury. 
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O Z O N E 
In na tu re , Ozone i s present in a l ayer in the s t r a t o -
sphere about 85 km above the ear th surface. The s t ra tospher ic 
Ozone f i l t e r s out most of the u l t r a v i o l e t r ad ia t ion , thereby 
reducing i t s harmful influences on the biosphere. 
Ozone i s formed in the troposphere from other primary 
po l lu t an t s . I t i s produced in presence of sunl ight from the 
products of combustion of coal or petroleum, mainly the auto-
mobile exhaust gasses. The pho to ly t i c react ion in pol luted 
atmosphere are the major sources of phytotoxlc leve l of Ozone. 
Automobiles and indus t r i e s emit terms of hydrocarbons and 
oxides of ni t rogen in the atmosphere. These components ai^ 
thus transformed into Ozone and many other products by complex 
se r ies of react ion i n i t i a t e d by sunl ight . 
Went (1955) proposed t h a t ozonides and peroxides ex i s t 
in the natura l blue smog over conifer fores t . Stephens and 
Scott (1962) have shoiAm tha t photochemical react ion between 
pine and ni t rogen dioxide can produce ozone and PAN. 
The formation and occurrence of 0_ at any p a r t i c u l a r 
place and time are highly dependent on climate and metrological 
conditions. Nonurban a i r contains smaller amount of compounds 
v/hich react with 0^. So Ozone can p e r s i s t for longer period 
in rural areas (Coffey £ t a l . 1977' Cleveland e t a l . 1977» Wolff 
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e t a l . 1977 ' I s a k s e n e t a l . 1 9 7 8 ) . S t r e s s e s imposed on f o r e s t 
ecosys tem by Ozone may be c o n s i d e r e d a 20 th c e n t u r y a l l o g e n i c 
p r o c e s s of I m p o r t a n c e t o f o r e s t e cosys t em d e v e l o p m e n t (Smi th 
1980-, 1981) . M c l a u g h l u e t a l . (1982) r e p o r t e d d e c l i n e of w h i t e 
p i n e i n t h e Cumberland p l a t e a u a r e a o f E a s t T e n n e s s e e . 
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The concentration of Ozone in pol lu ted atmosphere 
often goes 14? 10 to 20 times the na tura l Oxone l e v e l s (0.02-0.03) 
When Ozone concentration i s about 0.05 ppm for a few hours, 
sensi t ive p l an t s l i k e po ta to , tobacco and bean s t a r t developing 
in ju r i e s . Wiien the value exceeds 0.10 ppm, the primary injury 
i s more pronounced and more p l a n t species get affected, Tbbacco 
s tudies showed tha t concentration was twice as important as 
exposure duration in causing f o l i a r injury (TonneiJek^1984). 
Recent s tudies by Amiro £ t al_. (1984) confirmed the non-l inear 
re la t ionsh ip between Ozone uptake and exposure duration required 
to induce v i s i b l e injury. The grea te r importance of concentra-
tion compared to exposure duration has been reported by numerous 
author (e .g . Heck and Tingey,1971j Henderson and Reinert ^1979,' 
Reinert and Nelson, 1979). According to Musselman (1983), consis-
tant concentration of 0^ caused the same type of p lan t responses 
as variable concentration a t equivalent doses. A successive 
se r i e s of short episode caused a grea ter p lan t response than a 
continuous exposure to the same Ozone concentration for the same 
t o t a l exposure duration (Stan and Schieker,1982). However, low 
0^ concentration may play an important role in predisposing the 
p l an t to subsiquent episodic Ozone exposure (Runeekles and 
Rosen ,1977; Johnston and Heagle ,1982). Vegetation injury induced 
by photochemical smog was f i r s t reported in 1944. In Southern 
California (Middleton e t a l . 1950) reported the f i r s t incident 
of photochemical smog injury to vegetat ion. Richards ^ t a l . 
(1958) e lucidated some of the mystery of the smog complex when 
they iden t i f i ed Ozone as the cause of s t ipp le on grape fol iage. 
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Later several repor ts appeared on the harmful e f fec ts of 
ozone to p lan t species (Heggested and Middleton J959J Taylor 
et a l . 1960; Daines e t ^ . 1 9 6 o ; Hill e t a l . I961 ; Berry and 
Ripperton ,1963 and Engle e t a l . I965). 
Ozone damage to vegetat ion has been recent ly recognized 
in India. I t affected potato crop from l i g h t to moderate 
throughout Punjab and some p a r t s of western Ut ta r Pradesh 
(Meerut d i s t r i c t ) and tobacco c u l t i v a r Bel W, a t Jalandhar. 
Being highly sens i t ive to Ozone, Bel W, i s widely used in many 
countries as a b ioindicator for detect ing phytotoxic l eve l s 
of Ozone in the ambient a i r . In U.S.A. more crop p lan t s and 
fores t t r ees are injured by 0 , than by any o ther po l lu tan t 
(National Academy of Science, 1977*, U.S. environmental pixjtec-
tion agency 1978). The v i s i b l e symptoms of ozone injury to 
p lan ts were c l a s s i f i ed by (Hi l l ejt al,. 1970) in to four general 
types: 
(1) Pigmental lesions 
(2) Surface bleaching 
(3) Bifacial Necrosis 
(4) Chlorosis 
Usually one type of injury occurs but two or more types of 
markings may be seen on a s ingle leaf or on d i f fe ren t p lan ts 
within the same area. Ozone en te rs the foliage through the 
stomatal opening and a t tacks pa l i sade parenchyma which i s very 
sens i t ive to Ozone. The affected areas collapse and dry out 
to form areas of dead t i s s u e . Acute injury of t h i s type 
generally resulted in a s t i pp l ing or f lecking on i-pper leaf 
surface. The colour of the injured areas may turn white, tan , 
red or brown depending on the p l a n t species . Chronic injury 
may manifest as chlorot ic or stunted appearence of p l an t s 
often with premature senescence. 
Leaf injury has been reported in Camissonia claviformis, 
C .h i r tu l l a and Erodlum cicutarium (Bytrauowicz e t a l .1988) , i t 
may cause chloros is as in Dactylis ^omera ta , Lollum perenne, 
pha t r i s aquatua (Hersraan £ t al_. 1980)» Purple s t ipp l ing on 
adazial surface as in Asclepias syriaea (Hinclami e;t a l . 1980), 
or small nec ro t i c f leaks as in white clover (Becker e_t al.1969). 
Chlorosis, mot t l ing , s t i p p l i n g , bleaching of fol iage and 
necrosis in o lder leaves were more pronounced than in younger 
ones in C i t ru l l us l an tus (Decoteau e^ a l . 1987). 
Ozone has reduced the rad ia l growth of sens i t ive ind i -
vidual t ree from 30-50% annually over l a s t 15-20 years (Mann 
ejt a l . 1980, Benoil e t a l . 1982). Field s tudies in Sen Bernandino 
National Forest showed tha t during the l a s t 30 years ambient 
0 , reduced height/growth of Ponderosa by 25%, radia l growth 
by 37% and t o t a l wood volume production by 84% (Miller and 
Blderman 1977)* in case Populus de l to ids and Trichocorpa(Reich 
and Lassoie ,1985) and Pinus Jaf fery, reduction in radia l growth 
caused by 0 , was much grea ter in and older t r ees (Paterson 
e t al_. 1988). Of Acer saccharum and Que re us rubra studied by 
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Peter (1986), growth was reduced in foruier, but the l a t t e r 
was unaffected. There was no e f fec t in biomass of root-stem 
and leaves but l i n e a r growth was affected in Glycine max. 
No effect of shoots height and diameter in case Praxlnus 
pennsylvan (Catherone e_t al_. 1987) , and t o t a l biomass was 
decreased more rapidly in yellow poplar seedlings (Chappelka 
e t al_. 1988). Biomass of leaves and root reduced while stem 
were l e s s affected in Gossypium hirsutum (Mil ler e_t a l , 1988), 
Reduction in a l l over growth rate and dry matter a l t e r d in 
Medicago sat iva (Cooley and Menning ,1988), 
Similarly root and shoot dry weights were reduced in 
Ladino clover (Blum e t a l . 1983) , Plant diameter, he ight , number 
of leaves and length declined in Pinus e l t i o t i i and P.densa 
but seed germination was not affected by 0 , e^qjosure. Ozone 
caused stomatal closure in Citrus unstura (MatsusWraa e;t a l . 
1985)' and affected the stomatal s ize in Citrus unshiy 
(Matsushiraa ejt al_. 1988). Fo l ia r necros is appeared and stomatal 
conductance was hampered in case of Hellanthus annus L.cv. 
Russian Mammoth (Fujinuma et a l .1988) . Stomatal conductance 
of f lag leaves was reduced in Triticum aestium cv Lane(Amundson 
ejt al_, 1987), Stomatal res i s tance increased (Lehnhers e t a l . 1987) 
and premature senescence of f lag leaves of v^eat (Grand and 
Fuhren 1989). 
In general Ozone i n h i b i t s photosynthesis as measured 
by gas exchange (U.S. Environmental protec t ion Agency, 1978; 
Coyne of Bingham^1978; Black e t ad.1982). Biochemical studied 
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showed tha t 0 , i n h i b i t s an enzyme r ibulose 1,5 bisphosphate 
carboxylase that catalyzes the ass imi la t ion of COp(Pell and 
Pearson ,1983). 
Ozone reduces photosynthesis (Heath ,1980 J Kozoil and 
ViQiatley, 1984i Reich and Amundson 1984). I t decreased ne t 
photosynthesis in Pinus strobus seedling (Reich ejt a l .1987) , 
Triticum ae stivum L cv Lone (Amundson ejt al_. 1987)» Ladino 
clover (Blum e t a l . 1983) and Vlcla faba (Agrawal e t a l . 1985) , 
but Ozone did not e f fec t net photosynthesis in case of 
Fragaria onanassa (Takemoto £ t al»1988). Ozone exposure caused 
reduction in ne t ass imi la t ion ra te in case Trifolium repens 
and T. subterraneum. Dactyl i s glome r a t a , Lolium perenne and 
Pha la r i s aquatica (Hersmon 1982 and 1980)» Gossipium hirsutum 
(Oshima e t a l . 1979) > and a reduced r e l a t i ve growth ra te (RGR) 
in Leriodendlon t u l i p If era (Keith ,1985). Ozone decreased CX)^  
amount in leaves t ha t i s ass imi la ted , and a l t e r s the pa t te rn 
of assimalation p a r t i t i o n i n g in d i f fe ren t p a r t of p l an t s . 
There was generally l e s s photosynthate t rans located to roots 
and reproductive organs. Ozone caused a decrease in photo-
synthesis In f lag leaves of Triticum aestivum cv Abers. 
However CO- compensation concentration of the r a t i o of dark 
resp i ra t ion to ne t photosynthesis increased with 0 zone concen-
t r a t i o n . The decrease in photosynthesis was associated with 
a decrease in chlorophyll soluble p ro te in , r ibulose bisphos-
phate carboxylase oxygenase a c t i v i t y , r ibulose bisphosphate 
and adenylates. No decrease was found for tr iphosphate and 
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and 3-phospho g lycera te , the r a t i o of ATP and AEP and of 
tr iphosphate to 3-phosphate glycerate were increased suggest-
ing that photos3mthesis was l imi ted by pentose phosphate. 
Reduced carotenoid and increased t r ansp i ra t ion were recorded 
in v ic ia faba (Agrawal e t _al^ . 1985). Analogous s i t ua t i on was 
reported for Acer saccharum and Que re us rubra where 0 , increased 
chlorophyll content in both species (Reichpeter,1986). Relative 
decrease in photosynthate p a r t i t i o n i n g to root was noticed in 
case of bean (Okeno ejt a l . 1984, Mc Laughlin and McConathy, 1983). 
In leaves , l e v e l s of sucrose and fructose increase because 
photo syn the t i ca l ly inact ive pools of these sugar were mobilized 
in case of bean (Mc Laughlin and McConathy,1983; Okano e t a l . 
1984a,b, I to e_t a l . 1985' I to e t a l . 1985). Reducing sugar 
content (Starch and sucrose) of roots were also reported in 
Fraxinus pennsylvanis (Jensen ,1982) , and green ash seedlings 
and tomato (Mc Cool & Menge,1983). I t reduces s tarch resources 
in Madicago sa t iva (Cooley and Menning,1988). When increasing 
0^ concentration reduced energy reserve (s tarch) of roo t s , 
shoots were not much affected in Trifolium repens. However, 
in case of Festuca arundinaceae energy reserve were unaffected 
by 0^. In both spec ies , t o t a l soluble sugar ( e .g . glucose, 
fructose sucrose) remained unaffected (Rebbeck et a l . 1988). 
Ozone stimulated leaf bud growth while suppressing leaf growth 
in bean. This i s analogous to soybean, raddish and other p lants 
in which 0_ s t imulates young p l an t s to produce more leaves , 
and damages developing leaves (Walmsley ejt a l . 1980,' Endrees and 
Grunwald ,1935). I t increases t o t a l reducing sugar in tubers 
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in case of potato (Foster e t a l . 1983 and Pe l l , 1980). Greater 
l o s s occurred in legumes because a l t e r a t i o n in p a r t i t i o n i n g 
reduced storage carbohydrate l e v e l s in roots (Montes ejt al^. 
1982). On the contrary , Ozone was found not to reduce t o t a l 
non-s t ruc tura l carbohydrate in clover roots (Blum e t a l . 1982). 
I t reduces general carbohydrate p a r t i t i o n i n g to roots and 
crown of a l fa l fa and clovers . Carbohydrate reduction was 
eminent in case of Ulmus americana seedlings (Constantinidou 
and Kozlowski ,1979). Decreased r e l a t i v e growth ra te and net 
ass imi la t ion ra te and l e s s carbohydrate were produced by 
s t ressed in Leriodendron t u l i p i f e r a (Jensen,1985). A l a rge r 
port ion of carbohydrate was p a r t i t i o n e d to leaves . Thicker 
leaves with l e s s leaf area showed s l i g h t increase in RGR and 
NAR with l i t t l e differences in leaf area or LWR between control 
and ozonaated seedlings (Chappelka (gt a l . 1985). Ozone decrea-
sed RGR and Leaf growth ra te in s i l v e r maple (Acer Saccharum) 
and hybrid poplar (Jensen ,1982/ 1983). In case of white pine 
(Plnus strobus) o lder needles served as primary sources of 
photosynthates for developing needles as in spring and as 
storage s i t e s for carbohydrate i s f a l l . Ozone accelerated 
senescence of the o lder leaves causing them to drop prematurely 
in susceptiDle t r e e s , removing t h e i r contr ibut ion to photosyn-
thes i s and storage (Me laughlin et a l . 1982). 
'//hile there are numerous elements in the chain of 
events from carbon f ixa t ion , through phloem-loading and t r ans -
por t to sink uptake of photosynthate, and many aspects of the 
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process are not fu l ly understood, a general ou t l ine can be 
drawn (Gifford et_ a l . 1984). F i r s t l y , the leaf has several 
options for compartmentalizing carbohydrates, e i t h e r as sugars 
or s tarch. Secondly, phloem-loading of these photoassimilates 
( l a rge ly sucrose) i s an ac t ive , energy-dependent process. 
Thirdly, once in the phloem t r anspor t system, sink demands 
very rapidly d i c t a t e photo ass imi la te movement. Fourthly, 
sink control seems based a t l e a s t in p a r t on sucrose gradient , 
such tha t rapidly growing sinks remove more sucrose from the 
t ranspor t system, generating more flow. 
McLaughlin and McConathy (1983) suggested a number 
of possible mechanism by which Ozone s t r e s s might a l t e r photo-
synthate p a r t i t i o n i n g . These include malfunction in the phloem 
loading processj increased a l loca t ion to repa i r damage within 
the l ea f i t se l f» and an a l t e r ed balance of sources and sinks 
caused by reduced photo synthet ic carbon f ixat ion and greater 
demand for ass imi la te a t the source ( leaves) . 
I t i s apparent tha t photosynthet ic f ixa t ion and 
ass imi la te p a r t i t i o n i n g are inex t r i cab ly l inked. I t i s gene-
r a l l y thought tha t photos>Tithesis i s e i t h e r se l f - regu la t ing 
(source l imited) or regulated by organs and t i s sue which use 
photosynthates (sink l imited) (Evans j1975, Fader and Keller* 
1983,' Watson and Casper^ 1984; Baysdorfer and Basham ,1985). 
Both processes probably occur, as demonstrated in a l fa l fa which 
has been shown to be source-l imited in the seedling s tage , and 
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s ink- l imi ted in the mature p l an t (Baysdorfer and Basham,19e \ 
In o ther words, a l f a l f a seedling photosynthesis i s independent 
of sink demands, while in the mature p lan t increased sink 
demand acce le ra tes photosynthesis . 
Sink demand in mature p l an t s has an ef fec t not only 
on photo synthet ic r a t e , but on the photosynthate p a r t i t i o n i n g 
(Wardlaw,1968; Gifford and Evans, 1981*, Watson and Casper, 1984). 
Such a p a r t i t i o n i n g pa t t e rn has been demonstrated in vegetative 
and mature soybean (Fader and Koller,1983) where p a r t i t i o n i n g 
of carbon between the carbohydrate pools of the l ea f and 
export ra te from the l ea f were functions of changing sink 
demands associated with p lan t growth stage. As the p lan t 
matures, a l loca t ion of ass imila te resources switches from leaf 
growth alone to pod development and leaf gixjwth. If a pod i s 
removed and no longer requires sucrose, photosynthesis decreases 
and the r e l a t i v e proportion of s tarch produced increases(Huber 
and Bicket t ,1984). If sink demand remains the same, and photo-
synthesis decreases ( in lowered l i g h t i n t e n s i t y ) , then in 
order to maintain t rans loca t ion under l imi ted f ixa t ion , leaf 
s tarch i s broten down and remobilized as sucrose (Ho,1976). A 
re la t ionsh ip may e x i s t between p a r t i t i o n i n g to shoots versus 
roots and p a r t i t i o n i n g to sucrose versus s tarch (Huber, 1983). 
The higher the proport ion of photoassimllate converted to 
s tarch in a p l a n t , the lower i t s r e l a t i v e root weight. Huber 
(1983) suggested t h a t leaves use accumulated s tarch reserves 
from photofixat ion to maintain a steady growth r a t e , regardless 
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of l i g h t or darkness. Leaves under dark conditions take 
def in i te p a r t i t i o n i n g p r i o r i t y over r oo t s , perhaps simply 
because they are c loser to the carbohydrate source when the 
supply i s l imi ted (Wardlaw,1975). 
Wardlaw (1968) reported t h a t growth of shoots 
appears to have p r i o r i t y over root and bud growth under 
conditions of photo ass imi la te deficiency, p a r t i c u l a r l y when 
tha t deficiency i s in s t iga ted by a lowered photosynthet ic 
r a t e . Since Ozone l i m i t s photosynthesis , i t would be expected 
to have s imilar e f f e c t s , perhaps via the same processess 
out l ined by Huber (1983). That i s , higher sucrose l eve l s 
occiLT in the p l an t as s tarch reserves are mobilized to accommo-
date lowered ass imi la te a v a i l a b i l i t y , and r e l a t i v e l y more 
ass imila te i s pa r t i t i oned to leaves . Koziol (1984) pointed 
out tha t increases in sugars a t the expense of storage starches 
i s a common phenomenon in p l an t s under a i r po l lu t ion s t r e s s . 
Po l lu tan t s may more d i r e c t l y affect loading and 
t rans loca t ion , as demonstrated by Noyes (1980) and Teh and 
Swanson (1982) using SOp and bean. Such interference with the 
act ive phloem loading process might also r e s u l t in excess 
sucrose retained in leaves , as i s seen in pine (Mil ler e^ a l . 
1969,' Barnes,1972; Tingey e t a l . 1976) and in bean ( I to ejt a l . 
1985). I to and assoc ia tes (1985) also found t h a t Ozone decre-
ased absolute l e v e l s of sucrose, and speculated tha t t h i s may 
i n h i b i t t r ans loca t ion . One would expect l e s s soluble sugars 
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in phloem t i s sue of Ozone exposed p l a n t s , as was found in 
PondeiX)sa pine (Mil ler et a l . I968). 
The Ozone-induced reduction in carbohydrate t r an s -
loca t ion in bean roots may be a t t r i b u t e d to three fac tors 
(Mc laughlin and Mc Conathy 1983, Okano e t a l . 1984) . F i r s t , 
the lower older leaves sipply most of the photosynthate 
pa r t i t i oned to roo t s , and the photo synthet ic r a t e of these 
leaves i s decreased more than t h a t of younger leaves . Second 
p a r t i t i o n i n g i s changed such tha t more photosynthate i s t r an s -
located to young leages and l e s s to root and stems. Third, 
as p lan t s flower and f r u i t , more photosjmthate i s t ranslocated 
to reproductive organs. In some cases storage sink i s located 
in the root system as in beet or po ta to . The roots or storage 
organ may take p a r t i t i o n i n g p r i o r i t y (Foster e t al_. 1983), In 
case of clover and a l f a l f a , the top root are the storage sink 
(Letch Worth and Blum,1977). 
There are p lan t s such as cotton which p a r t i t i o n l e s s 
photoassimilate to f r u i t than to leaves (Oshima et_ a]^. 1979) or 
vice versa as in tomato (Oshima £ t al_. 1975). Perhaps there i s 
no se lec t ive advantage to maintaining f r u i t size in some species 
such as Pepper and cotton while i t i s there in o thers such as 
tomato. Ozone caused reduced Hi l l a c t i v i t y and increased solute 
leakage in case Triticum aestivum (Christopher £ t al.1987)> 
typical symptoms of c h l o r i s i s nec ro t i c les ions also appeared 
(Maskey ejt a l . 1987). I t i s decreased f o l i a r n u t r i t i o n concen-
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( e .g . Ca, Mg, Mg, Fe and Mn) in case of Pheseolus vulgar is 
and increased the concentration of three n u t r i e n t s (K, P and 
Mo) in pods. There were no s ign i f i can t changes in stem and 
root t i s sues (Tingey e t a l . 1986). However, reduced l lgn in 
concentration and impix)ved ce l l wall d i g e s t i b i l i t y were 
observed in Festuca anundinaceae, cynodon dactyl i s and 
Dectylis glomerate (Akin and Morrison 1988) peroxidase a c t i -
v i ty was enhanced in Nicotiana tobaccum (Petotino ejt a l . 1983) 
Fol ia r pigment concentration was reduced in old red 
spruce (Alscher e_t al,. 1989) and lea f drops increased in 
Madicago sat iva (Takemoto £ t a l . 1988). Chlorophyll content 
was almost unal tered when p lan t of Fraxinus americana and 
F.Pennsylvania were subjected to ambient 0,(Catherine ejt a l . 
1987). Chlorophyll content was reduced in Raphanus sat ivus 
(Johnston et a l . 1986) i and soybean ( P r a t t and Krupa,1981)» 
and the soluble pro t ien in Triticum aestivum. 
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INTEPUCTION OF POLLUTANTS 
The ambient environment of an iirban i n d u s t r i a l a rea 
u s u a l l y con t a in s s e v e r a l p o l l u t a n t s e m i t t e d from v a r i o u s 
i n d u s t r i a l sources and t h e r e f o r e , t h e p l a n t s growing under 
f i e l d c o n d i t i o n s i n such a r e a s a r e exposed n o t to a single 
p o l l u t a n t but to a mixture of p o l l u t a n t s . Gene ra l ly , 
r e a c t i o n s on p o l l u t i o n combination Involve few p o l l u t a n t s 
though t h e r e may be any nimber of p robab le combinat ions . The 
prominent i n t e r a c t i o n s inc lude those of 0 , , SOp and N02t SOp 
and HF. 
I n t e r a c t i o n of p o l l u t a n t combination depends, 
c o n s i d e r a b l y upon the c o n c e n t r a t i o n and r a t i o o f each gas 
i n the mixture and i^^on weather . The combined p o l l u t i o n 
s t r e s s i s a p p l i e d s e q u e n t i a l l y , s imul t aneous ly o r i n t e r m i -
t t e n t l y . 
Tingey and R e i n e r t (1975) no ted t h a t t h e e f f e c t s 
can be l e s s than a d d i t i v e ( a n t a g o n a s t i c i n t e r f e r e n c e ) , g r e a t e r 
than a d d i t i v e ( s y n e r g i s t i c ) p o t e n t i a t e o r equal to a d d i t i v e 
e f f e c t of i n d i v i d u a l p o l l u t a n t s . In s i t u a t i o n s when one 
p o l l u t a n t of the mix ture produces no e f f e c t s of i t s own but 
i t he lps i n t e n s i f y the e f f e c t of t h e o t h e r p o l l u t a n t s , the 
term p o t e n t i a t i o n i s used. In a p o l l u t a n t m i x t u r e , t h e r e may 
a l s o be masking o r harden ing e f f e c t v^en one p o l l u t a n t t ends 
to reduce the e f f e c t o f the o t h e r p o l l u t a n t s . 
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The ra te of po l lu t an t uptake va r ies from species 
to spec ies , stage of p l an t development and ecological condi-
t ions such as so la r r ad i a t ion , temperature, h imidi ty , edaphic 
fac tors e t c . 
The combination of p o l l u t a n t s so fa r used in India 
for studying p l an t responses are SO^+Og* SOp + NOg, SOp* HF, 
coal smoke and SO^ e tc . The a i r po l lu t ion comprising many 
po l l u t an t s (espec ia l ly SOp* 0,) in f i e l d condition has been 
used in s tudies r e l a t e d to seed germination (Nandi e t a l . 1980), 
photosynthet ic po t en t i a l (Agrawal e t al,. 1982, 19835a), biochemi-
cal changes (Agrawal 1982), morphological changes (Singh and 
Rao 1982, Agrawal e t a l . 1983c), biomass and product ivi ty( Singh 
and Rao 1982) Agrawal £ t a l . 1983a, b , c ) , and y ie ld pa t t e rn 
and seed c h a r a c t e r i s t i c (Agrawal and Rao 1983). I t i s evident 
tha t the overal l performance and metabolic eff ic iency of 
p l an t s exposed to SO2 + O3 p o l l u t a n t s get adversely affected 
leading to decrease in growth in terms of various parameters. 
The grea ter e f fec t s of SOp+ 0 , p o l l u t a n t s on the t o t a l perfor-
mence of p lan t suggest synerg i s t i c mode of act ion. (Menser 
and Heggested 1966). Tingey e t a l . (1973) in a s e r i e s of 
experiments, s tudied the e f fec ts of br ief exposure of SOp+ 0 , 
on 11 di f ferent p l an t species and confirmed the synergis t ic 
act ion of these two gases in combination. The sjniergist ic 
ef fec t has been noted in begonia (Gardner and Ormrod 1976, 
Reinert and Nelson 1980), soybean (Heagle and Johnson 1979) 
and Populus tremuloides (Kamosky 1976). In a study with 
soybean and white bean, in comparison to 0 , alone, the level 
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of Injury by 0_ and SO^ mi3rfciar«e»^ wdV'i<3Tirand the time for 
symptoms development increased (Hofstra and Ormrod 1977) to 
high concentrat ions of 0 , and SOp showed v i s ib l e f o l i a r 
injury in soybean (Devean e t a l . 1987• P r a t t Gregory e t al,. 
1984, Heagle and Johnston 1978, Reinert and Weber 1980) and 
in Oryza sa t iva (Agarwal Madhoolika e t ^ . 1 9 8 2 ) , High con-
cent ra t ions of SOp + O, caused abacial glazing or s i lve r ings 
and induced g rea te s t macroscopic f o l i a r injury in phasedus 
vu lgar i s (Miller and i^v is 19B7). Pinus s t robus , shows t i p 
bom and mottl ing (Rezabeck e t a l . 1989). The SO^ + 0 , mixture 
induced chlorot ic symptoms which were unlike the l e s ions of 
e i t h e r SO^ or 0 , alone (Hofstra and Orrarod 1977). Plants 
t r ea ted with t h i s combination develop in te rve ina l chlorosis 
and necrosis on e i t h e r surface of leaves and the present leaf 
area injury was higher than in p l a n t s t r ea t ed with e i t h e r SOp 
or 0 , (Agarwal e t a l . 1982, 1983a, 1983b» Singh and Rao 1982). 
Phased us vxilgaris showed in te rve ina l chloros is (Beckerson and 
Hofstra 1979) and Pinus blank s i ana developed chlo'i'OLtic mott le , 
t i p necros is (Armentano e t a l .1987) . 
The nature and magnitude of responses «f t > ^ ^ t s in 
terms of f o l i a r injury to po l l u t an t mixture may not preport ion-
a t e ly affect p lan t growth. Tingey e t a l . (1971) observed tha t 
SO2 + 0^ mixtures reduced p lan t growth, the ef fec t being more 
than addit ive for shoot and l e s s than addi t ive for root . High 
concentration of SOp + 0 , inh ib i t ed growth in soybean(Reinert 
and Weber 1980) and Hordium vulgare (Ammore and Onal 1984). 
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Growth was unaffected in case of Fraxlnus pensylvanla and 
F.americana whereas yellow poplar show s ign i f ican t decrease 
in growth and height. The combined ef fec t of 0 , -•• SO^ was 
addi t ive (Ammore and Onal 1984), addi t ive growth reductions 
were observed in tobacco (Reinert ejt al^. 1969) , soybean 
(Neely e t al^, 1971) Glycine max exposed to high concentration 
of SOp+ 0 , showed a l t e r a t i o n in shoot fresh weight (Heagle 
and Johnston 1978). 0 , + SOp p o l l u t a n t s produced synerg is t ic 
e f fec ts on the biomass and net primary product iv i ty l e v e l s 
of broad bean, r i c e , common mi l l e t and br in ja l p l an t s (Agrawal 
1982). Reduction in root shoot length and biomass in Jack 
pine (Pinus blankisana and white pine (P.atrobus) was reported 
(Agrawal 1983, Keith 1981). The biomass was reduced in 
Raphenus sat ivus (Chris and Williame 1989). In po t a to , there 
was a reduction in l ea f dry weight (Foster et a l , 1983). There 
was a s ign i f ican t reduction in height growth and dry matter 
production but in leaf area r a t i o in Liriodendron t u l i p i f e r a 
(Chappelka £ t a l .1985) . On the o ther hand there was an 
increase in l ea f and stem dry weight in CO.ycine max cv. Maple 
arrow and in lycopersium esculentum cv. New Yoric (Deveald e_t a l . 
1987). There i s no reduction in dry weight or surface area 
in Pisun sativum cv. a /s weat (Olzyk T ibb i t t s 1982). There was 
an increase in leaf and stem dry weight and leaf dry and fresh 
weights of Lycopersicum esculentum mill cv New York (Devean 
e t a l . 1987). Tuber number and t o t a l tuber y ie ld in Solanum 
tuberosum c i s centennial luberosum Russel was reduced. Increase 
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in leaf d i f f e ren t i a t ion res i s tance (LDR) was noted In case 
o^ Petunia hubrida (Elkiey 1979). Measurement of the stomatal 
res i s tance of radish and cucumber leaves in response to SOp+ 0 , 
mixture revealed tha t the stomatal res i s tance i s grea ter in 
presence of SO2 + 0 , mixture than in presence of e i t h e r SOp or 
0 , alone (Beckerson and Hofstra 1979a). I t i s observed that 
in presence of SOp the stomata of 0 , sens i t ive petunia cultivans 
close more rapidly than those of 0 , res i s tance c u l t i v a r 
(Elkiey and Onnrod 1979a). Increased r a t e s of t r ansp i ra t ion 
in p l an t s exposed to SOp+ 0 , mixtures than in those exposed 
to e i t h e r of the two were noted by Agrawal e t a l . (1983b) . 
Studies on stomatal behaviour, p o l l u t a n t tptake and tissiJe 
sulphate contents of p l an t s confirm t h a t uptake of individual 
gases from a mixture of po l l u t an t s I s usual ly l e s s than tha t 
when the plant i s exposed to a s ingle gas (Elkiey and Ormrod 
1980a, 1981). I t i s evident t h a t n e i t h e r synerg is t ic nor 
antagonastic ac t ions of po l lu tan t mixture on p lan t s can be 
explained on the bas is of stomatal responses. High concen-
t r a t i o n of SOp + 0 , exposure caused increase stomatal r e s i s -
tance of both the upper and lower primary l ea f surface 
(Beckerson and Hofstra 1979). Pi sum sativum showed reduction 
in stomatal conductance to water (olszyk e t al.1986) while 
Glycine max showed a decrease in COp exchange r a t e . Barley 
(Hordum vulgare) show enhancement in stomatal conductance 
(Ashmore and Onal 1985). 
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Membrane permlabl l l tv ; 
A few s tudies have shovai d i f f e ren t i a l response type 
changes in membrane permiabi l i ty of p l an t s exposed to po l lu -
t a n t mixture, "^-key and Ormrod (1979b) studied the ef fec ts 
of SOp+ 0 , combination on membrane penn iab i l i t y in three 
petunia cu l t i va r s by measuring the l e v e l s of potassium efCLux 
and e l ec t ro ly t e leakage and found t h a t the former was unchanged 
but the l a t t e r was elevated in a l l three cu l t i va r s . Exposure 
of p lan t s to the mixture showed a reduction in ne t photosyn-
t h e s i s which when compared with the quantum of reduction 
induced by individual p o l l u t a n t s , was addi t ive in a l f a l f a 
(Bennett and H i l l , 1975) and more than addi t ive in sunflower 
(Furukawa and Totsuka 1979), sugar maple and white ash p lan ts 
(Carlson 1979). Net photosynthesis also declined in v ic ia faba 
(Black e t a l . 1982) and Glycine max (Norby e t a l , 1985). However, 
in Pinus strobus clones showed a non-s ignif icant increase in 
photosynthesis (Boyer e t al,. 1986). Reductions in l eve l s of 
chlorophyll and carotenoid pigments in SOp + 0 , - exposed r i c e , 
b r i n j a l , broad bean and gramplants were found to be more than 
addi t ive (Agrawal 1982, Singh and Rao 1982, Agrawal e t al .1982, 
1983h). The chlorophyll concentration drops in Pisum sativum 
cu l t i va r si weal also (Olszyk and T i b b i t t i s 1982) i chlorophyll 
a content declined v^i le t ha t of chlorophyll b remained un-
affected in case of Glycine max ( P r a t t e t a l .1984, Jones e t a l . 
1985). Chlorophyll a & b, t o t a l chlorophyll and cerotenoids 
content in leaves declined in Oryza sa t iva (Agrawal 1982> 
Singh and Rao 1982i Agrawal et al,. 1982, 1983 b) . Both chloro-
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phyll ' a ' and ' b ' were reduced In pheseous vulgar is 
(Beckerson and Hofstra 1979). 
I t i s reported tha t 30-+ 0^ act synerg i s t ! ca l ly to 
reduce carbohydrate and prot len content (Neely e t a l . 1977). 
Constantinidore and Kozlowski (1979) noted t h a t in Ulmas 
americana seedlings exposed to these gases the carbohydrate, 
p ro t i en , and l i p i d s were reduced and t h a t the reduction in 
l i p i d contents was addi t ive . Amino acid and phenol contents 
in SOp+ 0 , t r ea ted a l f a l f a p l an t s increased but e f fec ts were 
not merkedly di f ferent from those induced by the individual 
po l lu t an t s (Neely e^ a l . 1977). On the other hand, in case of 
r i c e , common mi l l e t and broad bean p l a n t s esqDosed to SO2 and 
0 , s ingly or in combination increased l e v e l s of sugar, amino 
acid and phenols and decreased l e v e l s of s ta rch , p ro t ien and 
ascorbic acid were reported by Agrawal (1982). 
In case of po ta to , there was no effect on the sugar 
concentration in tuber . Phaseolus vu lgar i s showed a reduction 
in prot ien content while nucleic acid remained unaffected. 
There was a reduction in yield of Glycine max (Kem e t a l . 1986)/ 
seed s ize in Oryza sa t iva (Rates et a l .1985) , tuber number 
and t o t a l tuber y ie ld in potato (Foster e t a l . 1983), number 
and qual i ty of ear and grain of Panicua miliaceum (Agrawal 
e t a l .1983) , and numoer of t i l l e r s in Festuca anundinaceae 
cu l t Alta (Flager and Youngrev 1983). Yield was unaffected 
in winter wheat (Kohut e t a l .1987) . F ru i t yield and f r u i t 
number were reduced but p r i n t qua l i t y was not a l t e r ed in case 
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of Tomato (Heggestard e t a l .1986) . 
" NO2 + SO2" 
Both SOp and NOp are common contaminants in the 
urban and i n d u s t r i a l environments. High concentration of 
these gases may occur in areas surrounding i ndus t r i a l comp-
lexes using fos s i l fuel as energy source. Injury to p lan t s 
exposed. Simultaneously to SOp and NOp was f i r s t suggested 
by Heck (1968). In a study of s ix plant species , Tingey 
e t a l . (1971) found t h a t exposure to SOp+ NOp mixtures pro-
duced v i s ib l e f o l i a r injury but there was no injury v i s ib le 
in p lan t s exposed to e i t h e r of the po l lu t an t s separately . 
They conclude tha t SOp+ NOp mixtures act synerg i s t i ca l ly to 
induce f o l i a r injury in bean, oa t , radish , tobacco, tomato 
and soybean p l a n t s . The f o l i a r i n j u r i e s (symptoms) in these 
p l an t s were l i k e those by O-i on the vpper surface but radish 
pigmentation or s i l ve r ing appeared on the lower surface. 
Synergis t ic response in terms of f o l i a r injury was also noted 
by Decormis and Lut t r inger (1977) in Petunia and tomato p lan ts . 
However, low concentration of SOp or NOp indiv idual ly fa i led 
to produce any v i s i b l e injury (Bennett e t a l . (1975) , High 
concentrations of SOp+ NOp mixture caused v i s i b l e f o l i a r 
injury as found in s ix cu l t i va r s of Raphanus sa t ivus (Godzik 
e t a l . 1985) , Cicer arietinum cv L-235 (Kumar and Singh 1985), 
and Betula pendula (Smith and Freer 1985). Six broad leaved 
t r e e s [Ti l la a r data , Mai us domestlca, Befxjla pendula, Populus 
n ig ra , Betuta pubereens and Alnus Incena] exposed to high 
concentrations of SOp* NO2 showed inh ib i t i on in growth and 
developed f o l i a r senescence and absciss ion (Freer and Smith 
1984). Hordeum vulgare (Pande and Mansfield 1985), Glycine 
max cu l t Bragg (Klarer e t a l . 1984), Sorghim bipolar seedlings 
(Pande 1984) and Splnacea oleracea (Edelbaver and Mariv 1988). 
Pisum sativxcn exposed to high SOp+ NOp concentration showed no 
ef fec t on growth but caused strong lea f f a l l and s ign i f ican t 
reduction of l ea f area (Edelbaver and Marriv 1988). Lolium 
multiflorun and Phleun pratense showed s ign i f ican t reduction 
in number of leaves and t i l l e r s , l ea f a reas , and a l l the dry-
weight f rac t ions measured (Ashenden and William A. D. 1980). 
'i<nieat exposed to high SOp+ NOp concentration suffered from a 
decrease in root and shoot dry weight and developed necrosis . 
Three Birch clones, two of Betula pendula (Both Si lver birch 
and one of Betula pubescent e lver (dawny birch) exposed to 
high SO2+ NOp concentration showed reduction in mass* especi-
a l l y of roo t s , the height and i n i t i a l l ea f areas remained 
maintained (Wright 1987). Cicer arietinum cv L-235 had supp-
ressed p lan t growth and reduced dry weight. Lycopersicum 
escvilentuD cv Fire ba l l exposed to these gases showed a s ign i -
f i can t decrease in root fresh weight, stem and root dry w e i ^ t , 
while leaf dry weight remained unchanged. The leaves/stems 
and leaves / root fresh weight r a t i o decreased while leave/stem 
and leave/ root dry weight r a t i o increased (Marie and Ormrod 
1984) Grass species £&ctylis glomerata. Lolium multiflorun and 
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Phleum pratense showed synerg is t i c reduction in weights of 
roots and leaves and leaf a rea , whereas Poa p ra t ens i s showed 
an addit ive reduction in t o t a l dry weight but a synerg is t ic 
reduction in leaf area (Ashenden and Mansfield 1978f Ashenden 
1979a, Ashenden and Williams 1980). In con t ras t , Thompson 
e t al .(1980) studying effects of SO2 and NO2 mixture on 10 
p lan t species , found t h a t the e f fec t s on annuals were severe 
but those on the p e r i n i a l s were an t igon l s t i c In nature and 
Included the e f fec t s l i k e st imulated l a t e r a l growth in Etielia 
for ivosa, Increased dry weight in Atr lp lex caneseens and 
increased flowering in a few species . Carlson (1983) also 
noted an addi t ive reduction in y ie ld of soybean p l an t s when 
exposed to SOp + NOp. Cicer arietinum cv L-235 exposed to 
these gases showed reduction in yie ld but flowering and f r u i t -
ing advanced (Kumar and Singh 19S5). Mensfield (l97A) reported 
an addi t ive ef fect of 30-+ NOp in reducing photosynthesis in 
Pi sum sativum seedl ings. Synergis t ic inh ib i t ion of ne t photo-
synthesis during exposure to p l a n t s to S0^+ NOp are often 
followed by recovery in clean a i r which suggests tha t a t 
ce r ta in concentrat ion, 30^+ NOp may cause reduction in photo-
synthes is without any i r r e v e r s i b l e damage to ce l l s t ruc ture 
and metabolism (white ejt a l . 1974, Carlson 1983). Dark r e sp i -
ra t ion and apparent photorespi ra t ion were found to be anta-
gonast ica l ly affected by SOp+ NOp exposure (Carlson 1983). 
Inhib i ted photosynthesis and t r ansp i r a t i on have been reported 
in Picea abies L.Kasst (Saxe 1989). Decreased t r ansp i ra t ion 
ra te in Phaseolus vulgar is (Ashenden 1979) and photosynthate 
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l eve l in leaf of Tritium aestlvum are also recorded(Ck)uld 
Richard and Mansfield 1988). However, r a t e of t r ansp i ra t ion 
in Betula si^jp increased to almost double (Neighbour e t a l . 
1988). Results are contradictory pe r t a in ing to t r ansp i ra t ion 
in d i f ferent p l a n t s . Chlorophyll degradation appeared in 
Glycine max ( I rv ing and Mil le r 1984). Signif icant decrease 
in Chlorophyll 'A' and Chlorophyll ' b ' and t o t a l Chlorophyll 
content of leaves was noted in vigna rad ia ta cv. (Kumar 1986). 
Lolium perenne, Dactytes glomerrata, Phieuro partense 
and Poa pa r t ens i s affected by high concentration of SOp+ NOp 
experienced no change in glutamate dehydrogenase activity(GIjH), 
Glutamic synthetase r a t i o and basic e lect ron t ranspor t system 
but cycl ic photophosphorylation, ATP content, and energy 
charge r a t i o were reduced. The pr inc ipa l effect concerned the 
pro t ien gradient within the photosynthet ic membrane (Wellbum 
e t a l . 1981). The tox ic gases (SO2+ HF) of i n d u s t r i a l sources 
using sand or rock as raw mater ia l s and coal as fuel (Hitchcock 
e t a l . 1962) showed no i n t e r ac t i ng e f fec t s on f o l i a r injury. 
Sharma (1981) s tudied the ef fec ts of SO2 and HF gases i nd iv i -
dually and in combination on the growth and production of 
moong, wheat and mustard p lan t s and compared the morphological, 
physiological and biochemical changes produced in them under 
the s t r e s s of SO^, HI and SOp+ HF exposures. 
The f o l i a r injury symptoms with 30^+ HF were s imi lar 
to tha t of HF alone. Both gases caused leaves nec ro t i c spot. 
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yellow brown in case of SO2 and red brown in case HF, were 
reported (Qin et a l .1981) . There was a s t r i k i n g reduction 
in fol iage in Zea mays exposed to SO^/HF, as compared with 
HF alone. Conifers are pe r iod i ca l l y sens i t ive to SO2+ HF 
( e i t h e r during dormancy or in Spring) , f o l i a r injury appeared 
in ea r ly summer (Maclean ejt al_. 1987). 
Exposures to HF or SO2 alone reduced lea f surface 
area and weight in mature and immature leaves but the combi-
nation of SO^-*- HF reduced area and weight of matui^ leaves 
in Eucalyptus (Murray and Wilson 1988, Murray e t a l . 1989). 
SO alone increased growth and yield of vrtieat but 
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reduced shoot weight. However, both the gases increased the 
grain prote in concentration in bar ley and y^eat (Murray and 
Wilson 1988). However, yield was reduced in Hordeum vulgare 
(Buckenham jet a l . 1983)' Sweet com (Mandl e t a l . 1981). The 
exposure of SO2+ HF decreased the y ie ld of Trifoli im pra tense , 
increased i t in case of Phaseolus vulgar is and had no effect 
on Glycine max (Mass e t a l .1987) . SO2 alone increased growth 
and yie ld of barley. However, there were no ef fec t in yield 
of wheat but the shoot weight was reduced (Murray and Wilson 
1988). Sharma and Rao (1984) noted t h a t exposure of SO2+ HF 
caused a decrease in the root length , shoot length , number of 
l eaves , phytomass and yield in marigold. However, the effect 
of SO2+ HF was l e s s than the ef fec t of the individual po l lu-
t a n t s . T i l l e r ing was si^Dpressed in Hordeum vulgare(Buckanham 
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e t a l . 1983) and the fresh and dry weights of s t a lks decreased 
in sweet com (Mandl et_ a l . 1981). According to Murray e t a l . 
(1981), SOp alone increased leaf production r a t e . Treatment 
with the combination of SOp+ HF gave a higher leaf f luoride 
concentration than the treatment with HF alone, poss ibly as 
a r e su l t of increased stomatal conductance. Similar was the 
response of Eucalyptus leaves (Murray and Wilson 1988). 
Fluoride and sulphur accumulations were reduced in the foliage 
of a l f a l f a p l an t s exposed to S0_+ HF mixtures and the decrease 
of f luor ides was more than tha t of sulphur (Runeckles 1984). 
Mc Cune (1983) a t t r i b u t e d the differences of f luor ide accumu-
l a t i o n in presence of S0_ in a l f a l f a p l a n t s , to SO^ induced 
changes in the stomatal movements. Exposure of SOp+ HF 
accunulated very high amounts of t o t a l sulphur and soluble 
f luor ides in leaves a l cer ta in t r ee species (Chmidewski e t a l . 
1987). 
Under the impact of SOp, chlorophyll turns yellow 
brown while in case of HF i t becomes red brown. S0« brings 
about destruct ion of Chlorophyll in the pal i sade and interi^?-
t ion of photosynthesis while HF causes collapse of Chlorophyll 
and the mesophyll. 
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The information avai lab le on the effect of these 
two gases together on p lan t s i s r a the r meagre. The injury 
level in tomato and pepper p lan t s exposed to t h i s mixtuj^e was 
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l e s s than that when exposed to the iden t i ca l concentrations 
of these gases ind iv idua l ly (Matsushima 1971^ Kress, 1980). 
Yamazoe and Majruml (1977) showed tha t NOp aven a t a concen-
t r a t i o n which i s nonphytotoxic, produced f o l i a r injury in 
r i ce p lan t s when added to with 0- . Yellow poplar fLlriodendron 
t u l i p i f e r a ] exposed to high 0 , and NOp concentration shows 
reduction in the r e l a t i v e growth ra te and the ass imi la t ion ra te . 
Seedlings were s ign i f i can t ly shor te r (Jensen, 1985). Tomato 
exposed to high N0-+ 0 , showed reduction in l ea f and stem 
fresh weight and lea f area (Good year and Ormix)d, 1988). Kidney 
bean p lant (Phasedus vulgar is ) exposed to NO^* 0-, showed 
reduction in dry matter production and root /shoot r a t i o 
(Osaminto e t a l . 1985). Total n i t rogen content of the p lan t 
increased but ass imi la t ion of NOp and concentration of soluble 
sugar declined (Osaminto e t _^. 1985). Bush bean and radish 
di f fer in t h e i r s e n s i t i v i t y to 0 , and NO2. Hydrogen sulphide 
i s mostly released from geothermal operat ions and fuel p lan t s 
which may be loca ted near areas po l lu ted with ozone. Coyne 
and Bingham (1978) found t h a t HpS and 0 , acted an tagon i s t i -
ca l ly in reducing diffusive conductance and apparent photo-
synthesis in kidney bean. Bennett elt a l . (198O) reported that 
f o l i a r injury and yield losses were reduced when higher con-
cent ra t ions of HpS wei^ present with 0 , . HpS alone reduced 
growth of Spinach (Mass e t a l . 1988) , i t lowered CO2 f ixat ion 
in photosynthesis and efficiency of photochemical energy in 
photosynthesis (Mass e t a l .1988) , and inh ib i ted NADH oxidizing 
enzymes which resu l ted in an increase in NADH si5)ply to nitrate 
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reductase in the presence of oxygen (De Kok e t a l .1987) . 
" PAN + SO^" 
PAN, a major phytotoxlc component of the photo-
chemical oxidant complex may occur along with SO-in urban 
a reas , Matsushima (1971) found tha t an exposure to such a 
mixture caused f o l i a r injury in p h a s e d u s vulgar is and 
Lycopersicum esciilentum which was as more severe than tha t 
from exposure to the two po l lu t an t s separate ly , and that the 
a l t e rna t e exposure of p lan t s to PAN and SOp caused more 
injury than the simultaneous exposure to these gases. 
" PAN + 0 , " 
; 2 
Plant responses to combination of PAN and 0 , a t 
ambient concentrat ions were found to be l e s s than addi t ive . 
At high PAN concentrat ion, PAN+0, in t e rac t ed synerg i s t i ca l ly 
to produce f o l i a r in jury (Kohut e t al_. 1976). In pinto bean 
the responses to PAN and 0 , mixture were addit ive or syner-
g i s t i c on adaxial l ea f surface and antagonis t ic on abaxial 
surface (Kohut and Dawis, 1978). Alternat ing exposure of 
Petunia p lan t s to 0^ followed by PAN or to PAN followed by 
0 , produced i n ju r i e s which were equal to t h a t produced by 0 , 
alone in the f i r s t case and tha t produced by PAN in the l a t t e r 
(Nouchi e_t a l . 1984). Simultaneous exposure of Petunia and 
kidney bean p l an t s to 0 , and PAN resu l ted in f o l i a r injury 
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which was l e s s than add i t ive . Temple (1982) reported that 
combination of PAN and 0 , general ly produced l e s s than 
addi t ive ef fec ts on growth of tomato cu l t i va r s . 
Pa r t i cu l a t e and gaseous po l lu tan t combinations : 
Under na tu ra l conditions p l an t s are exposed simul-
taneously to a va r i e ty of p o l l u t a n t s which may be in gaseous 
and p a r t i c u l a t e s t a t e s . The information on combined ef fec ts 
of gaseous and p a r t i c u l a t e po l l u t an t s on p lan t s i s scanty. 
Heavy metals can increase phytotoxic reac t ions of 0 , . Zinc 
and cadmium ar^ known to reac t syne rg i s t i c a l l y with 0 , pro-
ducing v i s ib l e in jury and chlorophyll reduction in garden 
cress and Lettuce (Czuba and Ormrod 197A). At low concentra-
t ion 0 , and Cd mixtures induced appearence of chloros is and 
necros is e a r l i e r than the exposure to individual po l lu t an t s 
(Czuba and Ormrod 1981). In con t r a s t , Cd added to so i l 
interacted 0-x an t agon i s t i ca l ly with respect to v i s i b l e Injury, 
photosynthesis and t r ansp i ra t ion r a t e s (Facnsen Thiebes 1981). 
Similar ly Ormrod (1977) showed l e s s than addit ive in te rac t ion 
of 0 , with Cd and nickel (Ni) in reducing root and shoot 
growth of Pea, bee ts . Low concentrat ion of Cd and Ni tended 
to increase the 0 , phyto toxic i ty . Changes in the c e l l u l a r 
u l t r a s t ruc tu re of Pea leaves by 0 , exposure, increased when 
the p lan ts were grown in Ni containing so i l (Mitchell e^ a l . 
1979). Under cloudy condition tomato p lan t s grown in Cd 
containing s o i l , developed s l i g h t f o l i a r Injury when exposed 
to 0 , but in fu l l sunl ight Cd and 0 , reacted syne rg i s t i ca l ly 
sc n
to cause severe f o l i a r injury (Harkov e t a l .1979) . SOp a t 
low concentration of Cd did not induce any changes in net 
photosynthesis of s i l v e r maple but a t high Cd concentration 
s ign i f i can t reduction were noted (Laraour Caux and Chaney 
1978). SOp and f ly ash o r ig ina te from a common source as 
both are produced through combustion of coal and other foss i l 
fuel . Gram p l an t s t r ea t ed with f lyash singly or in combina-
t ions showed t h a t po l lu t an t mixtures adversely affected the 
phytomass numbers of flowers and f r u i t s and net primary pro-
duc t iv i ty , where as the exposure to f lyash alone had favoura-
ble effect and to tha t of SOp unfavourable effect on these 
parameters (IXibey e t al_. 1983). The combined s t r e s s of some 
common herbicides and SOp induced adverse ef fec ts on p lan t s 
v i a b i l i t y , pol len gennination and pol len l i k e elongation 
(DuDey 1977, Shavade and Dubey 1983). I t i s noted tha t with 
SOp, carbamade induced more injury than d in l t ro compounds 
(Dubey 1983). Singh (1980) observed an antagonast ic effect 
with respect to reduction in chlorophyll , biomass and pro-
duc t iv i ty of wheats p lan t exposed to NOp + cement dust. 
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PARTICULATE AIR POLLUTANTS 
ITie term suspended p a r t i c u l a t e m a t t e r r e f e r s to the 
wide range of f i n e l y d iv ided s o l i d s o r l i q u i d s d i spe r sed i n t o 
the a i r by combustion p r o c e s s e s ( h e a t i n g and power generatkxi), 
i n d u s t r i a l a c t i v i t i e s and n a t u r a l sou rce s . Suspended p a r t i -
c u l a t e s range in s i z e from 0 ,1 v5)to about 25*^ m in diameter . 
The c o n s t i t u e n t s of suspended p a r t i c u l a t e m a t t e r va ry over 
time and space , a l though t y p i c a l c o n s t i t u e n t s in urban a r e a s 
i n c l u d e carbon o r h i g h e r hydrocarbons formed by incomplete 
combustion of hydrocarbon f u e l s . In Europe, measurements of 
suspended p a r t i c u l a t e m a t t e r a re based on s o i l i n g p r o p e r t i e s 
and in U.S.A. the moni to r ing t e chn iques a re based on weight. 
The World Heal th Organ i sa t i on (1976 a) recommends the former 
suspended p a r t i c u l a t e m a t t e r sample to be r e f f e r r e d t o as 
'smoke' ( o r sometimes ' s o o t ' ) , and t h e l a t t e r as ' t o t a l s u s -
pended p a r t i c u l a t e ' (TSP). 
Suspended p a r t i c u l a t e m a t t e r and su lphur dioxide 
a re o f ten regarded as the ' t r a d i t i o n a l ' p o l l u t a n t s of the 
urban a r e a s . The h i g h e s t l e v e l s of t h e s e p o l l u t a n t s occurred 
dur ing t h e sulphurous smogs to which most i n d u s t r i a l c i t i e s 
have been sub j ec t ed in the p a s t . The term 'smog' r e f e r s to 
the s y n t h e s i s of smoke and fog. Smogs a re caused by v a s t 
q u a n t i t i e s of p o l l u t a n t s being emi t t ed from i n d u s t r y as well 
as domestic sources ( fo r e . g . Coal f i r e s , apar tment i n 
c i n e r a t o r s ) dur ing p e r i o d s when me teo ro log ica l c o n d i t i o n s 
f a i l to d i s p e r s e the p o l l u t i o n away from the c i t y . With the 
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moisture added to the atmosphere by combustion processes , the 
a v a i l a b i l i t y of vas t quan t i t i e s of condensation nuclei in the 
form of suspended p a r t i c u l a t e s , and the low temperatures tha t 
Increase the r e l a t i v e humidity, fog formation i s encouraged. 
The fog droplets read i ly dissolve SO^ to produce sulphurous 
acid thereby adding to the p o t e n t i a l l y hannful nature of the 
smog. A pol lu ted fog in l e s s r ead i ly evaporated by so la r 
rad ia t ion than a ' c l ean ' f og ' , so the duration of the smog or 
po l lu t ion episode may be prolonged. 
There i s hardly any place on the ear th and in the 
atmosphere which i s ' p a r t i c u l a t e f r e e ' . P a r t i c l e s of fumes, 
dus ts , soot and drople ts can be well i den t i f i ed i f a sample 
of a i r from urban atmosphere i s analysed. The p a r t i c l e s 
differ in shape, s ize and composition and have t h e i r i nd iv i -
dual h is tory in the atmosphere with reference to t h e i r mode 
of o r ig in , growth, i n t e rac t ion and decay (Com^1968). There 
i s no sharp l i n e of demarcation between gaseous and par t ic t j -
l a t e matters in the a i r . However, the most prevalent and 
p e r s i s t a n t suspended sol id and l i q u i d p a r t i c l e s f a l l within 
the range of 0.01 Mm to 100 Mm. P a r t i c l e s of the smallest 
size (0.01 Wm) are known as aerosols . They form 'mis t ' with 
l i qu id p a r t i c l e s and ' d u s t ' with so l id p a r t i c l e s , regardless 
of the p a r t i c l e s ize (Com, 1968), while the smoke refers to 
the bye product of combustion. 
Human a c t i v i t i e s , such as the manufacture of 
various products , introduce organic and inorganic p a r t i c l e s 
into the atmosphere. These products include s t e e l , rubber 
and a large va r ie ty of other items. In f ac t , almost a l l 
operat ions involving the burning of coal Introduce some dust 
( tha t i s , soot and f ly ash) in to the atmosphere. 
The ' d u s t ' i s a complex mixture usually of sol id 
p a r t i c l e s only. I t may be na tura l or man-made and viable or 
non-viable in na tu re . The na tura l dust cons is t s of fungal 
and algal spores, bodies of bac te r i a and v i ruses , pol len 
g ra ins , mites and t h e i r excre ta , meteorotic dust , ash of 
volcanoes, fo res t f i r e s and dust storms, while the man-made 
dust are an outcome of h is diverse a c t i v i t i e s such as 
combustion, handling and processing of so l i d s , vaporizing 
opera t ions , ear th moving opera t ions , explosions, construc-
t i ons , refuge disposal and t r a f f i c s . 
McCrone e t a l . (1967) recognised three major types 
of dusts , the f i r s t comprises wind erosion p a r t i c l e s i^ ich 
are mostly inorganic substances, such as s o i l s , rocks and 
minerals , and are not l i k e l y to be harmful to p l a n t s . The 
second type cons i s t s of i ndus t r i a l dus t s , possibly phytotoxic 
because of being the products of metal ref in ing , foundry 
operat ions and cement and glass i n d u s t r i e s . The t h i r d one, 
a combustion product, cons is t s of coal dust ( so l id p a r t i c l e s ) 
and f ly ash which are determintal for the l i v i n g world. 
93 
The l a r g e s t p a r t i c l e s of the dust present in the 
po l lu ted atmosphere are short l i ved and come down to the 
ear th by g rav i t a t iona l p u l l , thus po l lu t ing the en t i r e 
atmosphere in areas adjacent to the factory, while small 
p a r t i c l e s may f l o a t in the a i r for several days and t r ave l 
over great d is tances . Sometimes an i n t e r - s t a t e and even 
in te r -con t inen ta l t ranspor t of the p a r t i c l e s i s expected 
(Heagen-Smit and Wayne, I968). 
Large amount of dust i s emitted into the atmosphere 
by various thermal e l e c t r i c p l an t s and combustion processes 
using low grade coals . Perhaps 75 percent of the indus t r i a l 
dust (exclusive of soot) comes from fuel combustion (Ri;5)p, 
1956). Methem (1952) estimated t h a t from the annual combus-
t ion of 180 mil l ion tonnes of coal in great Br i t a in , 0.6 
mil l ion tonnes of ash, 2.4 mil l ion tonnes of smoke and 5.2 
mil l ion tonnes of SO^ per year are re leased in to the a i r . 
Katz (1956) estimated a dust f a l l of 67.5 , 61.2 and 35.5 
tonnes/mile /month for New York, Chicago and Los Angeles 
respect ively . •Several est imates by the " Bureau of Mines" 
suggest tha t f ly ash released in to the atmosphere appears to 
be about 10% of the t o t a l ash in coal , and the so l id waste 
products in the form of ash, a f t e r combustion of coal i s about 
25 to JD%. This c l ea r ly ind ica tes t ha t with the present 
r a t e of coal consumption in thermal power s t a t i o n s , we are 
adding an estimated 12.21 mil l ion tonnes of f ly ash into the 
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a i r , the r e s t ge t t ing dumped on land or in water 
Fulekar e t a l . -(1982). 
In a r epor t , Rai (1984) s t a t e s that three power 
p lan t s of Delhi (Rajghat, Indraprastha and Badarpur), which 
use 2,000 - 2,500 tonnes of coa l , re lease about 600 tonnes 
of f ly ash dai ly. Each tonne of the coal ash i s said to 
contain seventy elements including 700 gm (Ni)# 500 gm (Ar), 
500 gm (Ge), 400 gm (U) , 500 gm (Co), 200 gm (Sn), 100 gm(Pb), 
20 gm (Bi) and 5 gm (Gd) ( Puri and Katyal, 1984). Textile 
mi l l s emit considerable amount of cotton dust. Pandit e t a l . 
(1972) analysed the concentration of the a i r -bome cot ton-
dust p a r t i c l e s ( l e s s than 2 mm in s ize) from coarse and 
fine cloth mi l l s located in Maharaditra Vidharbha and Gujarat. 
They recorded an average dust content of 176, 274 and 765 mg/ 
100 m^ for fine c lo th m i l l s , coarse c loth mil ls and ginning 
process respect ively . 
Effect of P a r t i c u l a t e s on Plants 
Dust p a r t i c l e s are r e l a t i v e l y i n e r t and harmless. 
However, vegetat ion may be adversely affected by excessive 
quan t i t i e s of a i r borne p a r t i c l e s . P a r t i c l e s cover leaves 
and plug stomata, thereby both reducing the absorption of 
CO^ from the atmosphere and the i n t e n s i t y of sunl ight reach-
ing the i n t e r i o r of the leaf , thus siqspressing growth of 
some p lan t s by dis turbing the water r e l a t i o n s , reduced photo-
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synthes is , poor ass imi la t ion and sometimes causing necros is 
in l eaves . LermJin (1972) demonstrated l imi ted clogging of 
stomata, damage to ch lorop las t s , disorganizat ion of the 
cu t i c l e and in ter ference in normal photosynthesis in dust-
dew t rea ted bean p l a n t s . Necrotic spot t ing due to the ac id i ty 
of root p a r t i c l e s was observed on leaves of several p l an t s 
(Mil ler and Rich, 1967). The p l a n t s t r ea t ed with coal dust, 
through heat imbalance, may change the mineral accumulation 
p a t t e r n s (Withrow, 1967» Epstein, 1971). Pandey and Simbu 
(1988) reported t h a t grain showed a reduction in the contents 
of Fe and P and ca lo r i f i c value but an increase in Ca content. 
Mineral concentration of the leaves of Diospyrx?n melanoxylon 
growing near a thermal power p l an t was studied by Lai and 
Ambasht (1981). The l ea f output was reduced by the f luoride 
gas. 
Fly ash, a common product of coal combustion besides 
having large amounts of carbon, s i l i c a , alumina and iron 
oxides contains ce r ta in other metals such as Ar, Cd, Be, V 
Se, Co, Cr, Cu, Hg, Ni, and 2n which are considered to be 
dangerous for l i v i n g beings. Kumar^vat and Dubey (1988) reported 
in case of Cassia siamea and Melia azadirchta growing in heavy 
f ly ash and cement dust , a decrease in the chlorophyll content, 
stomatal conductance, and t r a n s p i r a t i o n ra te but a steady 
increase in l ea f temperature and l ea f ex t r ac t pH (towards 
bas i c ) . Protein content and n i t r a t e reductase a c t i v i t y , 
however, showed an i n i t i a l increase followed by reductions. 
Mishra and Shukla (1986) reported t h a t Zea mays and Glyclne 
max t rea ted with f ly ash a t low concentration showed increase 
in plant height dry matter production (probably due to boron 
deficiency) while a t high dust concentration there was a 
decrease In p lan t growth as well as dry matter production 
(due to excessive uptake and accumulation of B and a l k a l i n i t y 
caused by excessive soluble s a l t on the leaf surface) . A 
decrease in contents of photosynthet ic pigments was also 
reported under high f ly ash concentrat ion. Within two years 
of i t s operation many t r ee species around the Chandasi coal 
depot Varanasi, are already dead and many more are in the 
process of dying* several mango t r e e s are standing dead with 
t h e i r branches completely defo l ia ted . Some of the compara-
t i v e l y p o l l u t i o n - t o l e r a n t t r ee spec ies , such as Dalbergia 
sissoo Roxb, are also severely affected as shown by decoi^ 
t i c a t i o n of bark and stunted growth. In these areas a large 
amount of coal dust i s added to the s o i l , r e su l t i ng in the 
a l t e r a t i o n of edaphic p roper t i e s and subsequently in p lan t 
growth (Rao, 1980). 
Cement dust , a common a i r po l l u t an t in the v i c in i t y 
of the cement f ac to r i e s and around construction s i t e s , i s a 
mixture of Ca, K, Si , and Na oxides. The cement, with 
p a r t i c l e s range from 0.1 to 100 Um in s ize . The cement dust 
emanating from the factory s e t t l e s on surfaces of so i l and 
vegetat ion, af fec t ing a la rge area and brings changes in the 
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so i l c h a r a c t e r i s t i c s . The so i l near the cement factory 
becomes a lka l ine and, therefore , unfavourable to p l an t growth. 
Under conditions of cement dust po l lu t ion p lan t s get encrusted, 
with cement and consequently suffer reductions in t h e i r growth 
and yield (Singh and Rao, 1981); decrease in photo synthet ic 
pigments (Lai and Ambasht, 1980; Ready and Dubey, 1986> Bokra, 
1985) and disturbance in reproductive processes , especia l ly 
po l l ina t ion and f e r t i l i z a t i o n (Bokra, 1986). I t i s l i k e l y 
tha t cement dust a f fec ts p l an t s through leaf encrus ta t ion , 
stomatal plugging, so lar rad ia t ion in te r rup t ion and a l t e r a t i on 
(both in terms of quant i ty and i n t r a - i n t e r and e x t r a - c e l l u l a r 
pH-changes in l ea f ( Lerman, 1972; Lai and Ambasht, 1982). 
That the p l an t s under cement dust po l lu t ion show a 
decreased i n t e n s i t y of r e sp i r a t ion and cata lase a c t i v i t y was 
noted in maize (Bokra, 1981). However, the same author in 
1986, in winter barley affected by cement dust , showed an 
increase in the i n t e n s i t y of r e sp i r a t i on and cata lase a c t i v i t y 
but a remarkable reduction was noted in the number of flowers 
and sp ike le t s . Yield and f e r t i l i z a t i o n were also disturbed. 
Leaves of maize showed Increased rad ia t ion Intake which in tum 
increased p lan t temperature and evapotranspirat ion. Reddy 
and Dubey (1988) reported an increase in the stomatal conduc-
tance, t r ansp i ra t ion r a t e , free pro l ine but a decrease in 
chlorophyll contents in Butea monosperma, Flcus benghalensls 
and Mangifera indica growing in an area pol lu ted with cement 
dust. A decrease in pro te in content , moisture content, t o t a l 
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ash, f a t and crude f ibre but an increase in t o t a l carbohy-
drate content were noted in Zea mays (Pandey and Simbu, 1988). 
P a r t i c u l a t e s sometimes i n d i r e c t l y aggrevate the 
s i t ua t i on in cer ta in i ndus t r i a l areas (Williams e t al.1971)• 
For ins tance, SO^ present in the po l lu ted atmosphere adsobrs 
on these p a r t i c u l a t e s (dust and f ly ash e t c . ) , contacts wet 
t i s sues (such as ins ide the leaves) or moisture drople ts and 
turns in to HpSO. which af fec ts the sens i t ive species l i k e 
sugar maple (Raynal e t a l . , 1982). Studies of Auclair (1976) 
on the effects of p a r t i c u l a t e mat ters on the growth of fores t s 
showed no physical effect of dust (cement and coal) and 
photosynthesis a t high l i g h t i n t e n s i t y i . e . higher than 100 
Wm . However, a t low and medium energy l e v e l s , photosynthe-
s i s got reduced which might cause decrease the growth and yield. 
I t i s an es tab l i shed fac t tha t vegetat ion ac ts as 
a f i l t e r for dust, soot and p a r t i c u l a t e s of the atmosphere. 
A 27% reduction of dust p a r t i c l e s in Hyde Park, London, due 
to a green area of only 2.5 square km. ( Meetham, 1964), 
a 2-3 times reduction in the dust f a l l by the developments of 
an 8 meter wide green be l t between the s t r e e t and widely 
spaced buildings in some Russian c i t i e s (Novoderzhkina e_t a l . 
1966) and 42% reduction in the t o t a l dust f a l l by a canopy 
of conifers in the urban areas of Ohio,USA (Dochinger, 1980) 
are on record. The dust co l l ec t ing po ten t i a l of p l an t leaf 
surfaces has been studied by many workers (Das, 1981» Yunus 
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e t a l . , 1985) . Yunus e t al .(1935) studied the dust cleaning 
efficiency of eight p lan t species (growing near Lucknow city) 
in re la t ion to l ea f morphology and epidermal fea tures espe-
c i a l l y to shape and s ize of leaf , o r i en ta t ion of leaf on the 
main ax i s - s i ze and frequency of trichoraes and cu t i cu la r 
configuration. 
CHAPTER-III 
PLAN OF WORK 
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PLAN OF WORK 
The fo l lowing p l a n of work has been c a r r i e d ou t 
fo r the comparative s tudy of f o l i a r , stem and r o o t responses 
of some crop s p e c i e s to the ambient environment a t d i f f e r e n t 
growth phases . 
To make a comparative s tudy of the e f f e c t of a i r 
p o l l u t i o n on growth, development and s t r u c t u r e of l e a v e s , 
stem and r o o t s , c e r t a i n crop s p e c i e s have been s e l e c t e d . The 
m a t e r i a l s for the s tudy w i l l be c o l l e c t e d from Al iga rh 
U n i v e r s i t y Campus and Kasimpur Thermal Power P l a n t Complex, 
cons ide r ing the former as a normal l o c a t i o n ( S i t e A) and the 
l a t t e r as the p o l l u t e d one ( S i t e B). M a t e r i a l s w i l l be 
c o l l e c t e d from t h e s e s i t e s in d i f f e r e n t seasons . 
Al igarh i s s i t u a t e d in the Ganga-Jamuna Ebab 
between 27''29'N and a s ^ l V N l a t i t u d e and 7 7 ' 2 8 ' E and TS^JA'E 
l o n g i t u d e . The whole d i s t r i c t o f A l iga rh i s l o c a t e d in an 
almost uniform l e v e l p l a i n , the range of a l t i t u d e be ing 622-
640 f e e t . I t s seasonal ca l enda r c o n t a i n s a w in te r (December-
Feb rua ry ) , a Summer (March-June) , a r a i n y season (mid June-
September) and a season of the southwest r e t r e a t i n g monsoon 
(October-November). 
101 
The University Campus -was se lected as the normal 
s i t e since the po l l u t i on , i f a t a l l , i s quite nominal here. 
The only source of any possible a i r po l lu t ion being the l i g h t 
vehicle t r a f f i c and sporadic domestic fuel burning. 
The Kasirapur tovm i s s i t ua t ed about 16 kms. North-
East of the Aligarh City. A Thermal Power Plant came v^ 
here some 41 years back on the banks of an i r r i g a t i o n canal 
which flows in eastword d i rec t ion . Both the univers i ty area 
and the Kasirapur l o c a l i t y have s imi la r ecological f i e ld 
condit ions, p a r t i c u l a r l y . The edaphic ones. However, Kasimpur 
i s heavily po l lu ted due to the presence of a Thermal Power 
P lan t Complex which cons is t s of three power s t a t i ons ' A ' , ' B ' 
and ' C having a capacity of 90 MW, 210 MW and 230 MW. Power 
generation respect ive ly . On an average the complex consumes 
about 1,530,715 metric tonnes of bituminous coal per year 
(Table I I I ) . The ef f luents emerging out of the coal burning 
are a mixture of many gases, coal dust and ash. 
Select ion of the Species: 
A general survey of the se lec ted s i t e s has been 
made and the following crop species growing commonly a t both 
the study s i t e s have been selected to conduct the present 




Bo tan ica l name 
Oryza s a t i v a L. 
Tr i t icum sativum L. 
Hordeum vu l^a re L. 
Zea mays L. 
Pennistem typhoideum 












Pulse Ca.janus ca.jan L. 
Cicer a r i e t en ium L. 
PisuD sativum L. 
V i ^ a mungo L. 
Vigna r a d i a t a L. 






Daucus c a r o t a L. 
Raphanus s a t i v u s L, 
Solanum melongena L. 
Solanura tuberosum L. 
Ca r ro t 
Radish 
Egg p l a n t 




Oil Brass i ca campes t r i s L. Yellow Sarson Brass i caceae 
Bra s s i ca .juncea L. Ind ian mustard -
Bras s i ca o l e r a c e a e L. 
var« b o t r y t i s L. Caul i f lower 
Brass i ca o l e r a c e a L. 
var . c a p i t a t a L. Cabbage -
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Parameters to be Studied: 
The following parameters have been chosen to make 
a comparative study of the growth responses in the selected 
species . 
i i ) Length of the root 
iv) Root biomass 
vi) Leaf biomass 
v i i i ) Leaf a rea /p lan t 
x) Leaf f a l l and emergence 
x i i ) Pe t io le length 
xlv) In ju r i e s ( types , extent) 
(A) Morphological ; 
i ) Length of the p lan t 
i i i ) Length of the shoot 
v) Stem biomass 
v i i ) Leaf number/plant 
ix) Per leaf area 
xi) Leaf length width 
ratio 
xiii) Flowers, fruits, 
seeds/plant 
(B) Anatomical : 
(a) EpidermtO. fea tures i 
i ) Stomatal index and stomatal frequency 
i i ) Length and width of stomatal aperture 
i i i ) Length and width of guard ce l l 
iv) Length and width of trichomes 
v) Size of epidermal c e l l s , 
vi) Gross leaf anatomy 
v i i ) Proportional var ia t ion of various t i s s u e s 
(b) Stem and root anatomy : 
i ) Fibre length i i ) Vessel length 
i i i ) Vessel width iv) Area of cortex 
v) Area of vasculature vi) Area of p i t h 
v i i ) Frequency of vessel elements in stem and root . 
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(c) Biochemical: 
1) Estimation of chlorophyll 
ii) Estimation of N, P, K 
iii) Estimation of Sulphur 
iv) Estimation of Cu, Fe, Mg, Mn, Ni, Pb and Zn 
CHAPTEH-IV 
M E T H 0 D 0 L 0 G Y 
10 
M E T H O D O L O G Y 
The morphological, anatomical and biochemical 
responses to a i r po l lu t ion wi l l be determined by applying 
the following methods. 
Morphological Studies; 
The p lan t height , root length and shoot length will 
be measured in cm. The shoot length covers the p l an t axis 
from the ground leve l to the uppermost growing t i p of the 
main axis . For root length , the main tap root wi l l be 
measured from the groun to the root t i p . The p lan t height 
ind ica tes the length of the e n t i r e axis extending from root 
t i p to shoot t i p . The leaf , root and shoot biomass wi l l be 
determined by oven drying the mater ia l a t 80*C for 48 hours 
and weighing ( in grams) on chemical balance. Leaves wil l be 
counted per branch and t h e i r number mul t ip l ied with the t o t a l 
number of branches present in the p l a n t in order to calciilate 
the average l ea f number per p l a n t . The l ea f areas wi l l be 
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estimated with a planimeter in cm and the dimensions of 
p e t i o l e and lamina measured in cm. Flowers, f r u i t s and seeds 
per p lan t wi l l be counted in the flowering and post-flowering 
phases on randomly selected indiv iduals of each species . 
Anatomical Studies: 
The col lec ted samples wi l l be fixed in FAA and 
t ransfer red to an alcoglycerol ( in case of hard mater ia ls viz. 
ICt 
l eaf ) for softening and preserva t ion . To study the anato-
mical var ia t ion within the stem and root , f ibres and vessel 
elements will be macerated by t r e a t i n g with hot HNO-^ CGhouse 
and Yuniis, 1972). The s l i c e s of wood, would be taken from 
the t h i r d i n t emode , and tha t of the root from 1 cm. below 
the ground. Of the macerated elements, 50 vessel members 
and 100 f ib res per sample wi l l be measured a t random with 
the aid of an ocular micrometer sca le . Transverse sect ions 
of stem and root samples wi l l be obtained on a Reicherts 
s l i d ing microtome, in order to est imate the average width, 
r e l a t i v e abundance and proportion of the co r t i ca l vascular 
and p i t h regions. The sec t ions , s ta ined with Heidenhains 
haematoxylin and Bismarck brown (Johansen, 19^0) , and dehy-
drated in ethanol s e r i e s , wi l l be mounted in canada-balsam. 
The proport ions of the various stem and root components wil l 
be calculated by the method based on the weights of paper 
cu t t ings of the camera lucide drawings made on a t rac ing 
paper of unifonn thickness (Ghouse and Iqbal , 1975). 
In terna l s t ruc tu re of the leaf wi l l be studied in 
t ransverse sec t ions . For cu t i cu l a r s tud ie s , epidermal peels 
wil l be obtained with the help of HNO^  using the method 
evolved by Ghouse and Yunus (1972). The sect ions and epidermal 
pee ls wil l be s ta ined by the method of Johansen (19A0), and 
then dehydrated in ethanol s e r i e s . Cells wil l be measured 
with the aid of ocular micrometer scale a t su i tab le microscope 
magnifications. The var ia t ion ia the r e l a t i v e proport ion of 
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di f fe ren t leaf t i s s u e s wil l be determined by the method 
devised by Ghouse and Iqbal (1975). Counts of stomata and 
epidermal c e l l s wil l be made on a compound microscope a t 
su i t ab le magnifications. Stomatal index (SI) wil l be calcii-
l a t e d by the Sa l i sbury ' s (192?) formula; 
SI - - ^ X 100 
Where S and E represent nisnber of stomata and 
epidermal c e l l s , r espec t ive ly , in a micixjscopic f i e ld . 
Biochemical Studiest 
Estimation of chlorophyll and carotenoid; 
Since there i s a close cor re la t ion between the 
amount of chloixjphyll and the ra te of photosynthesis , the 
primary pix)ductivity may be predic ted on the bas is of chloro-
phyl l estimation (Bi l lore and Mall, 1975» Kumar e t a l . 1980). 
The chlorophyll content of leaves of the selected 
crop samples wi l l be estimated according to Amon (1949) 
using fresh leaf samples. The chlorophyll of one gram fresh 
leaves wi l l be ext rac ted in 80% acetone in the forenoon. The 
fresh samples of leaves in three r e p l i c a t e s wil l be soaked 
in small amounts of 80% acetone, crushed gently with mortar 
and pes t l e to ex t r ac t the chlorophyll and f i l t e r e d with 
Whatman's f i l t e r paper No,1, The volume of the chlorophyll 
wil l be made 100 ml by adding 80% acetone (80:20 acetone and 
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d i s t i l l e d water) . The absorption a t 6A5 nm and 663 nm and 
U80 nm of the pigments will be read on spectnjphotometer. 
The chlorophyll concentration in mg per gram of fresh sample 
wil l be calculated using the following formulae given by 
Maclachlan and Zalik (I963) and Daxbury and Yentsch (1956) 
for chlorophyll and carotenoids, respect ively . 
r>,i o m / r 12.3 D665 - 0.86 D643 ^ v Chi a mg/g frw = '^ d x ^ 6 6 x v ^ ^ 
Chi b mg/g frw = 1?.? D6A^- ?.60 D64^ ^ ^ 
d X 1000 X w 
carotenold . mg/g f™ = ^ ' ^ g 1 ° l W - x ^ v ° ^ ' ° - ^ 
Where, D645 = Value of op t ica l densi ty a t 645 absorption 
spectra , 
D663 » Value of op t ica l densi ty a t 663 absorption 
spec t ra . 
TASO » Value of op t ica l density a t 480 absorption 
spectra . 
V = Volume of ex t r ac t 
W = Leaf por t ion weight 
d = Length of l i g h t path . 
Estimation of N. P . K x 
Relative proport ion of N, P and K in the leaves 
wil l be estimated a t d i f fe ren t growth stages on dry weight 
ba s i s . Normal leaves from each p l an t wil l be taken randomly, 
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dried in an oven for 2h hours and powdered fine with 72 mesh 
screen. The powder thus obtained and analysis vrtiich wil l 
be a accomplished by the methods of Linder ( 1 9 ^ ) as follows: 
Digestion of Sample : 
100 mg dry powder of leaves wi l l be taken in a 
50 ml Kjeldahl f lask . Two ml of pure H2S0^ (BDH) wi l l be 
added and the mixture be heated for about two hours to 
dissolve the powder. This heating with the acid wi l l turn 
the content black. After cooling the flask for about 15 
minutes, 0.5 ml of chemically pure 30% hydrogen peroxide will 
be added dropwise. The solut ion wi l l be heated again for 
about 30 minutes, un t i l i t turns l i g h t yellow in colour. Then 
i t wil l be cooled. With 3-A drops of hydrogen peroxide, i t 
wil l be reheated for about 15 minutes to get a clean ext rac t . 
Excess of hydrogen peroxide wi l l be avoided which would 
otherwise oxidise the ammonia in the absence of organic 
matter. The peroxide digested mater ial with the t ransfer red 
to 100 ml volumetric flask with three or four washings with 
DDW and the volume be made i^jto mark. This wil l serve as a 
stock solut ion for the est imation of N, P and K. 
Estimation of ni t rogen : 
According to Lindner (19A4) , a 10 ml a l iquot of 
the peroxide digested material wil l be t ransfer red to a 50 ml 
volumetric f lask. Two ml of 2.5 N Sodium hydroxide wil l be 
added to neu t r a l i s e the excess of the acid p a r t i a l l y . To 
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prevent the t u r b i d i t y , one ml of ^0% sodium s i l i c a t e wi l l be 
added to the flask and the volume be made ip . In a 10 ml 
graduated t e s t tube, 5 ml of a l iquo t of t h i s solut ion will 
be taken and 0.5 ml of Ness l e r ' s reagent wi l l be mixed 
thoroughly. The f ina l volume wil l be made ip with DDW and 
kept for about f ive minutes for the maximum colour development. 
This solut ion wil l be taken in a color imetr ie tube and the 
op t i ca l density measured a t 525 nm. A blank wil l also be run 
simultaneously during determination. A standard curve of 
known d i lu t ion of ammoniun sulphate solut ion wi l l be p lo t t ed . 
Reading of each sample wil l be compared with t h i s ca l ib ra t ion 
curve. 
Estimation of phosphorus : 
Phosphoroua wil l be est imated by the method of 
Fiske and Subbaro (1925). In a 10 ml graduated tube, 5 ml of 
a l iquot will be taKn-n and 1 ml of molybdate reagent wil l be 
added carefu l ly , followed by 1, 2 , 4 , amino nepthol sulphonic 
acid (0,4 ml). This acid wi l l turn the contents blue. The 
volume wil l be made ip and the solut ion be allowed to stand 
for about 5 minutes for the maximum colourat ion. Later i t 
wi l l be t rans fe r red to a ca lor imetr ic tube and the op t ica l 
density wil l be read at 620 nm. A blank wil l be run for each 
determination. A ca l ib ra t ion curve wil l be prepared by using 
known d i lu t ions of a standard monobasic potassixjm phosphate 
solut ion. 
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Estimation of potassium ; 
Potassium wil l be estimated using a flame photometer. 
A blank will be run side by s ide . The readings wil l be 
compared with a ce l lb ra t ion curve p l o t t e d for d i f ferent d i lu-
t ions of a standard potassium sulphate solut ion. 
Estimation of sulphur : 
The oven-dried samples of leaves wil l be ground and 
passed through 72 mm mesh screen. 0 .3 gram screened powder 
and 0.1 ml selanium dioxide (Se02) solut ions wil l be digested 
using 10 ml HNO, and 1 ml HCl. The digested material wil l 
then be f i l t e r e d in 100 ml volumetric f lask. The volume of 
the digested material wil l be made v^ to 100 ml with 10 ml 
of 3% glycerol , and added with 5 nd of 2% BaCl2 before using 
spectrophotometer. Optical density wil l be noted a t 420 nm. 
F ina l ly , with the help of a standard curve of the potassium 
sulphate so lu t ion , the actxjal sulphate concentration will be 
determined and expressed in mg SO^ in uni t dry weight 
(Pat te rson , 1958). 
Estimation of Cu. Fe, Mg. Mn. Ni . Pb and Zn ; 
72 mesh screened dried samples of leaves of the 
se lected species wil l be digested using HNO, and HCIO,. The 
digested material wil l then be f i l t e r e d in 100 ml vol tmetr ic 
flask and tJie volume made 153 to 100 ml with the double 
1 1 2 
d i s t i l l e d water. Cu, Fe, Mg, Mn, Ni, Pb and Zn will be 






The data collected on different parameters 
pertaining to the foliar study carried out at the different 
study sites will be statistically analysed as under to 
determine the degree of authenticity of results. 
Mean ( X ) ; 
The a r i t h m e t i c mean, o r simple o r the so c a l l e d 
average value may be e a s i l y computed by t a k i n g t h e sum of 
a number of va lue s (X^, X^, X, and so on) and 
d i v i d i n g by the t o t a l number v a l u e s (N) invo lved , t h u s , 
(X^ -H Xg ^ X^ X^) 
N 
o r X = N 
where X.,, X_, X, X = o b s e r v a t i o n s 
I 2 :5 n 
N = number of o b s e r v a t i o n s . 
Standard Devia t ion (a or S.D. ) ; 
S tandard d e v i a t i o n i s a measure f l u c t u a t i o n s in 
a sample produced as a r e s u l t of chance f a c t o r ' s of sampling 
from the same p o p u l a t i o n . I t may be c a l c u l a t e d by t h e 
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fo l lowing formula , f o r each pa ramete r of the s tudy. 
S, D. fo r l a r g e sample 
S.D. = + • S 
N 
S. D, fo r small samples : 
(X-X^)2 + (X-X2)^ + ( ^ ~ V ^ 
S . D , = _+ • • • • 
N - 1 
where, T » Mean of the observations involved 
X^, Xp, X, » observations 
N = Number of o b s e r v a t i o n s . 
Standard E r r o r (o X o r SE) of Means ; 
S.E. of mean i s a measure of r e l i a b i l i t y of a 
sample mean as an e s t i m a t e of the p o p u l a t i o n mean. I t w i l l 
be computed by us ing the fo l lowing formula. 
„ p S. D. of Sample 
/—I5PI 
s t a n d a r d Er ro r of t he Difference of Sample Meens (S . E. D.) 
I t may be def ined as the s t anda rd d e v i a t i o n s 
computed from the d i f f e r e n c e between a l a r g e number of 
p a i r s of means of randoraJ-y s e l e c t e d samples from two 
p o p u l a t i o n s . S tandard e r r o r of t h e two samples v i z .X and Y 
of two d i f f e r e n t p o p u l a t i o n s becomes impor tan t when i t i s 
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to be Judged whether or not they differ significantly. 
It will be computed as follows: 
(S. D )^ + (S.Dp)^ 
S.E. a = — - — ! — ^ — 
n-i Tip 
where, S. D. = S. ^. of one samples 
S. Dp = S. D. of o t h e r sample 
n^ = No. of o b s e r v a t i o n s i n one sample 
no = No. of o b s e r v a t i o n i n o t h e r sample. 
C o e f f i c i e n t of V a r i a t i o n (C.V.) : 
This measures the r e l a t i v e magnitude of v a r i a t i o n 
p r e s e n t i n o b s e r v a t i o n s r e l a t i v e to the magnitude of t h e i r 
a r i t h m a t i c mean. I t i s def ined as the r a t i o of S. D. to 
a r i t h m e t i c mean expressed as a p e r c e n t a g e . 
e .g . C.V. « hP^ X 100 
X 
where, S. D. = S. D. of the concerned sample o r p o p u l a t i o n 
X = Ar i thma t i c mean. 
Test of S ign i f i cance : 
The t e s t of s i g n i f i c a n c e i s a device to f ind ou t 
whether or n o t an observed p a i r of means d i f f e r s s i g n i f i c a n t l y 
from each o t h e r , o r t h i s d i f f e i ^ n c e i s j u s t a r e s u l t of chance 
i n f l u e n c e . I t i s a dev ice , a c r i t e r i o n , to a r r i v e a t a 
lit 
judgement and confidence about the v a l i d i t y of a r e s u l t . 
The following two t e s t s will be applied for the purpose. 
Student t - t e s t : 
I t wi l l be applied to t e s t the signif icance of the 
difference between the two sample means ( i f any), each 
sample col lected from the two study s i t e s . 
The following formula wi l l be used to compute t -
value which wil l be compared with the table value of ' t ' a t 
t h e i r p a r t i c u l a r degrees of freedom. If calculated ' t ' value 
exceeds the table value the difference between the two 
samples wil l be t r ea t ed as s ign i f i can t , otherwise the 
difference will be a t t r i b u t a b l e to chance factor . 
Difference of two sample means 
Standard e r ror of the difference 
o r 
^1 " ^2 
/ • (S. D. ^ )^ (S. D.^)' 
where, X, = Arithmatic mean of one sample 
Xp = Arithmatic mean of the o ther sample. 
S. D. >| = S, D, of one sample 
S. D. 2 = S. D. of other sample 
n^ = No. of observation of one sample 
n2 = No. of observation of o ther sample. 
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Degree of Freedom (D. F.) ; 
Degree of freedom, to be applied to the number of 
date pa r t i cu l a r l y in t - t e s t wil l be calculated as follows; 
D-F = n^ + n^ - 2 
where, n^» No. of observations of one sample 
n2= No. of observations of other sample. 
For its use in the least significant difference analysis 
(L.S. D. ). 
DF = [(TxR) -1] - [(R-1) + (T-1)] 
where, T = Number of t reatments 
R = Number of observat ions 
Least Significance difference (L.S. D.) : 
This t e s t i s applied to compare a l l p a i r s of means. 
The following formula will be used to calcula te L. S. D. 
T o T^  2 X MSE . , 
L. S. D, » — • • • X t - v a l u e 
r 
where, MSE = Estimated varience of error 




where, SSQE = Error sum of squires 
r « Number of replicates 
t = Number of treatments 
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SSQE » SSQT - (SSQr - SSQt) 
where, SSQT = Total sum of squires 
SSQr = Sum of squires between replications 
SSQt = Sum of squares between treatment 
SSQT = Sum of the squires of each value and 
substracted from it correcting factor (C.F.) 
Where. C.F. - <.l°l^f 
r X t 
QQn Sum of squares of replications _ ^ p 
^^"^ " No. of treatments-1 ^' * 
00/^ 4- Sum of squares of treatment ^ P 
2^^^ = Mo.of replications-i ~ " ^-^• 
Correlation Coefficient (r) : 
This is a stat ist ical measure which indicates both 
nature and degree of relationship between two measurable 
characteristics, say height (X-Cm) and yield (y-gm). I t 
will be computed as follows : 
N SXY - (£X) (2Y) 
[(NEX)2- (LX)2] [(NSY)^  - (SY)2] 
v^ere, x = Observations on height 
y = Observation on yield 
OR 
S(X-X) (Y-Y) 
r = zr-^ =-"5 
S(X-X)'^ (Y-Y)^ 
where, X = Observation on one character 
X = Arithmatic mean of all x observation 
Y = Observation on other character 
Y = Arithmatic mean of all Y observation. 
1 Q 
A cor re l a t ion coeff ic ient may very from-1 (Perfect 
negative cor re la t ion) to + 1 (Perfect pos i t ive coneelat ion) . 
Any value close to zero would denote a lack of cor re la t ion 
or a r e l a t i v e l y week cor re la t ion . 
Coefficient of Detennination (d) : 
I t i s a der iva t ive of co r re la t ion coeff ic ient when 
expressed in percentage, i t shows percent va r i a t ion . 
d = ( r )2 
or d = 100 ( r ) - expressed in percentage 
where d = coeff ic ien t of determined 
r = cor re la t ion coef f ic ien t . 
Linear Regression : 
Correlat ion coeff ic ient e luc ida tes the nature and 
degree of r e l a t ionsh ip between two c h a r a c t e r i s t i c s . Due to 
such cor re la t ion when var ia t ion in one var iable brings in 
accompanying changes in the other , i t enables us to p red ic t 
the value of one var iab le from the knowledge of other . 
The regression l i n e best f i t t i n g the observation 
i s given by : 
Y = a + bx 
b = NSXY - (SX) (EX) 
NEX^  - (2X)^ 
a = Y - bx 
12C 
where, Y (Y-hat) ind ica tes the predica ted value of Y for a 
given value of X. X, Y are observation of two var iab les , 
v i z . , height and yie ld a, b are the constants . 
'^t Y are ar i thmat ic means of a l l observations of 
the respect ive va r i ab les X and Y. 
Processing and In t e rp re t a t i on of Data : 
The data col lec ted for quan t i t a t ive characters 
wil l be analysed by a computer running on a computer p ro -
gramme prepared for the above mentioned formulae and the 
r e s u l t s will be in te rpre ted with reference to c l imat ic and 
geographical conditions of the study s i t e s . 
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